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INTRODUCTION  TO  MECHANICS. 


[The  present  Treatue  ii  intended  (o  furnish  introductions  \o  the  sludy  of 
different  brandies  of  Naluml  Fhilosophy,  of  lli€  most  elementary  kind  con- 
siifent  with  accuracy.  Many  readers  have  now,  for  a  considerable  time,  found 
an  excellent  manual  ot  this  character  in  tlie  well-lfnown  "  Conversations  on 
Natural  Philosophy."  The  Author  and  Proprietors  of  that  nor^  have,  with 
great  liberalibf,  authoriied  the  Committee  to  use  it  freely  for  the  purposes  of 
the  present  Treatite,  which  accordingly  is  entirely  founded  upon  it,  with  hardly 
any  alterationi  except  those  which  were  necessary  to  adapt  it  to  the  form  of  the 
pablications  of  the  Society.] 

SsCTiOM  I. — On  General  Properlia  i^Boiiei. 
This  Preface  bein^  intended  as  an  elementary  introduction  to  the  Science 
of  Mechanics,  ve  shall  consider  our  readers  as  entirely  ignorant  of  natural 
philosophy,  and  endeavour  to  adapt  our  explanations  to  the  comprehension 
of  the  most  uninformed  minds.  No  branch  of  Natural  Philosophy  can 
be  understood  without  some  previous  knowledge  of  the  general  properties 
of  bodies  ;  we  shall  therefore  begin  by  taking  a  survey  of  these  properties. 

There  are  certain  properties  which  appear  to  be  common  to  all  bodies, 
and  are  hence  called  the  euentiai  propertiei  of  bodies :  these  are,  Impene- 
trabUily,  Extension,  Ffgnre,  Divikbilily,  Intrtia,  and  Attraction. 

By  imptnetrahility  is  meant  the  property  which  bodies  hnve  of  occu- 
pying a  certain  space,  so  that,  where  one  body  is,  another  cannot  be, 
without  displacing  the  former;  for  two  bodies  cannot  exist  in  the  same 
place  at  the  same  time.  A  liquid  may  be  more  easily  removed  than  a 
solid  body ;  yet  it  is  not  the  less  substantial,  ainre  it  is  as  impossible  for 
a  liquid  and  a  solid  to  occupy  the  same  space  at  the  same  lime,  as  for  two 
solid  bodies  to  do  so.  For  iustance,  if  a  spoon  be  put  into  a  glass  full  of 
water,  the  water  will  flow  over  to  make  room  for  the  spoon. 

Air  is  a  fluid  differing  In  its  nature  from  liquids,  but  no  less  impene- 
trable. If  we  endeavour  to  fill  a  phial  by  plunging  it  into  a  basin  of 
water,  the  air  will  rush  out  of  the  phial  in  bubbles,  in  order  to  make  way 
tor  the  water ;  for  they  cannot  both  exist  in  the  same  space,  any  more 
thon  two  hard  bodies  ;  and  if  we  reverse  a  goblet,  and  plunge  it  perpendi- 
cularly into  the  water,  so  that  the  air  will  not  be  able  to  escape,  the  water 
will  not  fill  the  goblet;  it  rises,  it  is  true,  a  considerable  wayinto'it, 
because  the  water  compresses  or  squeezes  the  air  into  a  small  space  in  ihu 
upper  part  of  the  goblet ;  hul,  as  long  as  the  air  remains  there,  no  other 
body  can  occupy  the  same  place. 

If  a  nail  be  driven  into  a  piece  of  wood,  it  will  penetrate  it,  and  both 
the  wood  and  the  nail  will  occupy  the  same  space  that  the  wood  alone  did 
before;  but  it  must  be  observed,  that  the  nail  penetrates  between  the 
particles  of  the  wood,  by  forcing  them  to  make  way  for  it ;  for  not  a  single 
atom  of  wood  remains  in  the  space  which  the  nail  occupies ;  and  if  the 
wood  is  not  increased  in  bize  by  the  addition  of  the  nail,  it  is  because 
wood  it)  a  porous  substance,  like  sponge,  the  particles  of  which  may  be 
compressed  or  squeezed  closer  together;  and  it  is  thus  that  they  mak« 
way  for  (be  nmiL 
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'  We  may  now  proceed  to  the  next  ^neral  property  of  bodies,  exlatiion. 
A  body  which  occupies  a  certain  space  must  necessarily  have  eitension  ; 
that  is  to  any,  lenglA,  breadth,  and  depth :  these  are  called  the  dimensions 
of  extension,  and  they  vary  extremely  in  different  bodies.  The  length, 
breadth,  and  depth  of  a  box,  or  of  a  thimbie,  are  very  diSerent  from  those 
of  a  walking-stick,  or  of  a  hair. 

Height  and  depth  are  the  same  dimension,  considered  in  different  points 
of  view;  if  you  measure  a  body,  or  a  space,  from  the  top  to  the  bottom, 
it  is  called  depth ;  if  from  the  bottom  upwards,  it  is  called  heighL  Breadth 
and  width  are  also  the  same  dimension. 

The  limits  of  extension  constitute  ^figure  or  shape ;  a  body  cannot  be 
without  form,  dther  symmetrical  or  irregular.  Nature  has  assigned 
regular  forms  to  her  productions  in  general.  The  most  perfect  natural 
form  of  mineral  substances  is  that  of  crystals,  of  which  there  is  a  great 
variety.  Many  of  them  are  very  beautiful,  end  no  less  remarkable  by 
their  transparency  or  colour,  than  by  the  perfect  regularity  of  their  forms, 
aa  may  be  seen  in  the  various  museums  and  collections  of  natural  history. 
The  vegetable  and  animal  creations  appear  less  symmetrical,  and  are  stilt 
more  diversified  in  figure  than  the  mineral  kingdom.  Manufactured  suIj- 
Btances  assume  the  various  arbitrary  forms  which  the  art  of  man  designs 
for  them  ;  and  an  infinite  number  of  irregular  forms  are  produced  by  frac- 
tures, such  as  broken  china,  or  glass,  or  the  fragments  of  mineral  bodies, 
which  are  broken  in  being  dug  out  of  the  earth,  or  decayed  by  the  effect 
of  torrents  and  other  causes. 

We  may  now  proceed  to  divisibitUy ;  that  is  to  say,  a  susceptibility  of 
being  divided  into  an  indefinite  number  of  parts.  Take  any  small  quan- 
tity of  matter,  a  grain  of  sand,  for  instance,  and  cut  it  into  two  parts; 
these  two  parts  might  be  again  divided,  had  we  instruments  sufficiently 
fine  for  the  purpose  ;  and  if,  by  means  of  pounding,  grinding,  and  other 
similar  methods,  we  carry  this  division  to  the  greatest  possible  eitent,  and 
reduce  the  body  to  its  finest  imaginable  particles,  yet  not  one  of  the 
particles  will  be  destroyed,  and  the  body  will  continue  to  exist,  though  in 
this  altered  state.  A  single  pound  of  wool  may  be  spun  so  fine  as  to 
extend  to  nearly  100  miles  in  length. 

The  melting  of  a  solid  body  in  a  liquid  also  affords  a  very  striking 
example  of  the  extreme  divisibility  of  matter ;  when  you  sweeten  a  cup  of 
tea,  for  instance,  with  what  minuteness  the  sugar  must  be  divided  to  be 
diffused  throughout  the  whole  of  the  liquid  1  And  if  a  few  drops  of  red 
wine  be  poured  into  a  glass  of  water  they  will  immediately  tinge  tlie 
liquid  throughout  The  odour  of  lavender-water,  or  any  other  perfume, 
will  be  almost  as  instantaneously  diffused  throughout  the  room  if  the  bottle 
be  opened.  The  odour  or  smell  of  a  body  is  part  of  the  body  itself,  and 
is  produced  by  very  minute  particles  or  exhalations  which  escape  from 
odoriferous  bodies,  and  come  in  actual  contact  with  the  nose ;  and  it 
would  be  just  as  impossible  to  smell  a  flower,  the  odoriferous  particles 
of  which  did  not  touch  the  nose,  as  to  taste  n  fruit,  the  flavoured  particles 
of  which  did  not  come  in  contact  with  the  tongue.  If  a  bottle  of  lavender- 
water  be  letl  open  a  sufficient  length  of  time,  the  whole  of  the  liquid  will 
evaporate  and  disappear.  But  (hough  so  minutely  subdivided  as  to  be  im- 
perceptible to  any  of  our  senses,  each  particle  would  continue  to  exist ;  for 
it  is  not  within  the  power  of  man  to  destroy  a  single  particle  of  matter;  nor 
is  there  any  reason  to  suppose,  that  in  nature  an  atom  is  ever  annihilated. 

When  a  body  is  burnt  to  ashes,  part  of  it,  it  is  true,  appears  to  be 
destroyed ;  the  residue  of  ashes  beneath  the  grate,  for  instance,  is  verjr 
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Email  compared  Ui  the  coals  wliicli  have  been  consumed  nkhin  it.  In 
this  case,  that  part  of  Ihe  coals,  which  one  would  suppose  to  be  destroyed, 
evaporates  in  the  form  of  smoke  and  vapour,  whilst  the  remainder  ia 
reduced  to  ashes.  A  body  in  buminff  undergoes,  no  doubt,  very  re- 
markahle  changes ;  il  ia  generally  subdivided ;  its  ibrm  and  colour  altered  ; 
its  extension  increased:  but  the  various  parts,  into  which  it  has  been 
separated  by  combustion,  continue  in  eiistence,  and  retain  all  the  essential 
properties  of  bodies.  Smoke,  indeed,  when  diffused  in  the  air,  becomes 
invisible,  but  we  must  not  imagine  that  what  we  no  longer  see  no  longer 
exists.  Were  every  particle  of  matter  that  becomes  invisible  annihilated, 
the  world  itself  would  in  the  course  of  lime  be  destroyed.  The  particles  of 
smoke  continue  sUll  to  be  particles  of  matter,  as  well  as  when  more  closely 
united  in  the  form  of  coals  :  they  are  really  as  substantial  in  the  one  slate 
as  in  the  other,  and  equally  so  when,  by  being  diffused  in  the  air,  thej 
become  invisible.  No  particle  of  matter  is  ever  destroyed;  this  is  a 
principle  which  must  constantly  be  remembered.  Every  thing  in  nature 
decays  and  corrupts  in  the  lapse  of  time.  We  die,  and  our  bodies  moulder 
to  dust :  but  not  a  single  atom  or  ttiem  in  lost  \  the;  serve  to  nourish  the 
earth,  whence,  white  living,  they  drew  their  support. 

It  should  be  observed,  that  when  a  body  is  divided,  its  surface  or  ex* 
terior  part  is  augmented.  If  an  apple  be  cut  in  two,  in  addition  to  the 
round  surface,  there  will  be  two  flat  surfaces;  divide  the  halves  of  the 
apple  into  quarters,  and  two  more  surfaces  will  be  produced. 

Inertia,  (he  next  essential  property  of  matter,  expresses  the  resistance 
which  inactive  matter  makes  to  a  change  of  state.  Bodies  appear  to  be 
not  only  incapable  ofchanging  their  actual  state,  whether  it  be  of  motion 
or  of  rest,  but  to  be  endowed  with  a  power  ofraitting  such  a  change.  It 
re<|uires  force  to  put  a  body  which  is  at  rest  in  motion ;  an  exertion  of 
strength  ia  also  requisite  to  slop  a  body  which  is  already  in  motion.  The 
resistance  of  a  body  to  a  change  of  stale  is,  in  eilher  case,  called  its  inertia. 
In  playing  at  cricket,  for  instance,  considerable  strength  is  required  to 
give  a  rapid  motion  to  the  ball ;  and  in  catching  it  we  feel  the  resistance 
it  makes  to  being  stopped.  Inert  matter  is  as  incapable  of  stopping  of 
itself,  as  itisofpntting  itself  into  motion.  When  the  ball  ceases  to  move, 
therefore,  it  must  be  stopped  by  some  other  cause  or  power,  which  we 
bIibII  presently  explain. 

The  last  property  which  appears  to  be  common  to  all  Ejodies  is 
oUroc'ian,  under  which  general  name  we  may  include  all  the  properties 
by  which  one  atom  of  matter  acts  on  another,  so  as  to  make  the  latter 
approach  or  continue  near  the  former.  Bodies  consist  of  infinitely  small 
particles  of  matter,  each  of  which  possesses  the  power  of  attracting  or 
drawing  towards  it,  and  uniting  wilii  any  other  imrticle  sufficiently  near  tc 
be  within  the  influence  of  its  attraction.  This  power  cannot  be  recog- 
nized in  minute  particles,  except  when  they  are  in  contact,  or  at  least 
appear  to  be  so  ;  it  then  makes  them  slick  or  adhere  together,  and  is 
hence  called  the  aitractkm  ofcohaion.  Without  this  power,  solid  bodies 
would  fall  in  pieces,  or  rather  crumble  to  atoms ;  although  we  are  so 
much  accustomed  to  see  bodies  firm  and  solid,  that  it  seldom  occurs. to 
us  that  any  power  is  requisite  (o  unite  the  particles  of  which  they  are 
composed. 

The  attraction  of  cohesion  exists  also  in  liquids  :  il  is  this  power  which 
holds  a  drop  of  water  suspended  at  the  end  of  the  finger,  and  keeps 
the  minute  watery  particles  of  which  it  is  composed  united.  But  as  ^is 
powci  18  stronger  io  proportion  us  the  particles  of  bodies  are  more 


,ab,L.OOgle 


if  INTRODUCTION  TO  MECHANICS. 

closely  unitfd,  the  oohesive  attrectioD  of  solid  bodies  is  mutli  greater 
than  that  or  fluids. 

T^e  tliinner  and  tig'hter  a  fluid  is,  the  less  is  the  cohesive  attraclioii  ot 
its  pBTticles,  because  they  are  further  apart ;  and  in  elaaUc  fluids,  such  as 
air,  there  ia  no  coliesive  attraction  whatever.  Air,  however,  is  of  the 
same  nature  as  other  bodies  in  all  its  essential  properties ;  nor  is  it 
probable  that  the  particles  of  air  are  destitute  of  the  power  of  attraclioD, 
but  they  are  too  far  distant  from  each  other  to  be  influenced  by  it;  and 
the  utmost  effurta  of  human  art  have  proved  hitherto  ineffectual  in  the 
attempt  to  compress  them,  so  as  to  bring  them  within  the  sphere  of  each 
other's  attraction,  and  make  them  cohere. 

It  is  owin^  to  the  different  degrees  of  attraction  of  different  substances, 
that  they  are  hard  or  soft ;  and  that  liquids  are  thick  or  thin.  This  very 
frequently,  especially  in  bodies  of  the  same  nature,  corresponds  with  what 
we  express  by  the  term  dentity,  which  denotes  the  decree  of  closeness 
and  compactness  of  the  particles  of  a  body ;  in  these  cases,  whether  in 
solids  or  liquids,  the  stronjrer  the  cohesive  altracliou,  the  greater  is  the 
density  of  the  body.  In  philosophical  language,  however,  densily  is  said 
to  be  that  property  of  bodies  by  which  they  contain  a  certain  quantity  of 
matter,  under  a  certain  bulk  or  magnitude.  Rarity,  though  opposed  to 
density,  as  it  denotes  the  thinness  and  subtlety  of  bodies,  will  admit 
of  the  aame  definition ;  for  it  implies  merely  a  diminution  of  density : 
thus  we  should  say  that  mercury  or  quicksilver  was  a  very  dense  fluid  ; 
ether,  a  very  rare  one,  &c. 

We  judge  by  the  weight  of  the  quantity  of  matter  contained  in  a 
certain  bulk,  and  bodies  of  the  same  bulk  are  said  to  be  dense  in  pro* 
portion  as  they  are  heavy.  Thus  we  say  that  metals  are  dense  bodies, 
wood  comparatively  a  rare  one,  Ac.  But  it  may  be  ol:gected,  that  when  the 
particles  of  a  body  are  so  near  as  to  attract  each  other,  the  effect  of  (his 
power  must  increase  as  they  are  brought  by  it  closer  together  :  so  that 
one  would  suppose  the  body  would  gradually  augment  in  density,  till  it 
was  impossible  for  its  particles  to  be  more  closely  united.  Now,  we 
know  that  this  is  not  the  case ;  for  sofl  bodies,  such  as  corlc,  sponge,  or 
butter,  never  become,  in  consequence  of  the  increasing  attraction  of  their 
particles,  as  hard  as  iron.  The  answer  is,  that  in  such  bodies  as  cork 
and  sponge,  the  particles  which  come  in  contact  are  so  few  as  to  produce 
but  a  slight  degree  ofcohesion  :  they  are  parous  bodies,  which,  owing  to 
their  peculiar  arrangement,  abound  with  interstices  which  separate  the 
particles ;  and  these  vacancies  are  filled  with  air,  the  spring  or  elasticity 
of  which  prevents  the  closer  union  of  the  parts.  Bui  there  is  another 
fluid  much  more  subtle  than  air,  which  pervades  all  bodies  ;  this  is  keat. 
Heat  insinuates  itself  more  or  less  between  the  particles  of  bodies,  and 
farces  them  asunder ;  it  may  therefore  be  considered  as  constantly  acting 
in  opposition  to  the  attraction  of  cohesion,  the  one  endeavouring  to  rend 
a  body  lo  pieces,  the  other  to  keep  its  parls  firmly  united. 

The  more  a  body  is  heated,  then,  the  more  its  particles  will  be  sepa- 
rated {  consequently  bodies  generally  swell  or  dilate  by  heat :  this  effect 
is  very  sensible  in  butter,  for  instance,  which  expands  by  the  applicaiion 
of  heat,  till  at  length  the  attraction  of  cohesion  is  so  far  diminished  that 
the  particles  separate,  and  the  butler  becomes  liquid.  A  similar  effect 
is  produced  by  heat  on  metals,  and  all  bodies  susceptible  of  being  melted. 
Liquids  are  made  to  boil  by  the  application  of  heat ;  the  attraction  of 
cohesion,  then,  yields  entirely  to  the  expansive  power ;  the  particles  are 
totally  separated,  and  converted  into  steam  or  vapour.    But  the  agency 
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of  heat  is  in  no  body  more  sensible  than  in  air,  whicli  dilates  and  con- 
tracts by  its  increase  or  dimiaution  in  a  very  remarliable  degree. 

To  return  to  its  uitagonist,  tl)e  attraction  or  cohesion  ;  it  is  litis  poire* 
which  restores  lo  vapour  its  liquid  form,  tvliich  unites  it  into  drops  when 
it  falls  to  the  earth  in  a  shower  or  rain,  and  which  gfsthers  the  dew  into 
brilliant  gems  on  the  blades  of  grass :  for  rain  doeH  not  descend  from  the 
clouds  at  first  i  a  the  form  of  drops,  butintbatof  mist  or  vapour,  which 
is  composed  of  very  small  watery  particles;  these,  in  their  descent, 
mutually  attract  each  other,  and  those  that  are  sufficiently  near  in  con- 
sequence unite  and  form  a  drop,-  and  thus  Ibe  mist  is  transformed  into  » 
shower.  The  dew  also  was  originally  in  a  stale  of  vapour,  but  is,  by  llie 
mutual  attraction  of  the  particles,  fornied  into  small  globules  on  the  blades 
of  grass  :  in  a  similar  manner  the  rain  upon  the  leaf  collects  into  large 
drops,  which,  when  they  become  too  heavy  for  the  leaf  to  support,  fall  lo 
the  ground.' 

Among  the  wonderful  phenomena  of  nature,  we  must  not  omit  to 
point  ont  a  curious  effect  of  the  attraction  of  coheuoo.  It  enables  liquids 
to  rise  above  their  level  in  capillary  tubes ;  these  sre  tubes  the  bores  of 
which  are  so  extremely  small  that  liquids  ascend  within  them,  from  the 
cohesive  aUractino  bMirpcn  the  particles  of  the  liquid  and  the  interior 
surface  ofthe  tube.  You  may  perceive  the  water  rising  in  a  small  glass 
tube  immersed  in  a  goblet  of  water.  It  creeps  up  the  tube  to  a  certain 
height  and  there  remains  stationary,  because  the  cohesive  attraction 
between  the  water  and  the  internal  surface  of  the  tube  is  balanced  by 
the  weight  of  the  water  within  it.  If  the  bore  of  the  tube  were  narrower, 
tlie  water  would  rise  higher  ;  and  if  you  immerse  several  tubes  of  bores 
of  different  sizes,  you  will  see  it  rise  to  different  heights  in  each  of  them. 
In  making  this  experiment,  the  water  should  be  coloured  with  a  little 
red  wine,  in  order  to  render  the  effect  more  obvious.  | 

All  porous  substances,  such  as  sponge,  bread,  linen,  Ac,  may  be  con- 
sidered as  collections  of  capillary  tubes :  if  you  dip  one  end  of  a  liunp  of 
sugar  into  water,  the  water  will  rise  in  it,  and  wet  it  considerably  above 
the  surface  of  that  into  which  you  dip  it. 

We  shall  now  explain  the  attraction  of  gravilation.  IL  is  unnecessary 
here  to  inquire  whether  it  be  only  another  modification  of  the  same  pro- 
perties which  produce  the  attraction  of  cohesion,  which  it  certainly 
resembles  in  this,  that  it  really  results  from  the  attractive  force  of  the 
minute  particles  of  matter  of  which  bodies  are  composed.  But,  tracing  it 
only  in  its  effects,  we  now  speak  of  it  as  a  force  acting,  unlike  Ihut  of 
cohesion,  at  considerable  distances,  and  only  perceptible  in  its' effects 
when  many  particles  of  matter  are  combined  together  in  one  mass.  It 
acts  therefore  on  the  largest  bodies,  and  at  immense  distances  as  well  as 
small  ones.  Let  us  take,  for  example,  one  of  the  largest  bodies  in  na- 
ture, and  observe  whether  it  does  not  attract  other  bodies.  What  is  it 
that  occasions  the  fall  of  a  book  when  it  is  no  longer  supported?  You 
will  say  that  all  bodies  have  a  natural  tendency  to  fall.  That  is  true ; 
but  tbat  tendency  is  produced  by  the  attraction  of  the  earth.  The  earth, 
bein^  much  larger  than  any  body  on  its  surface,  forces  every  other,  which 
is  not  supported,  lo  fall  to  it. 

When  you  are  accustomed  to  consider  the  fall  of  bodies  as  depending 
on  this  cause,  it  will  appear  to  you  as  natural,  and  surely  much  more 
satisfactory,  than  if  the  cause  of  their  tendency  to  fall  were  totally 
unknown.  Thus  all  matter  is  altracLive,  from  the  smallest  particle  to  the 
lai^eet  mass ;  and  bodies  attract  each  other  with  a  force  proportioned  In 
the  quantity  of  matter  they  contain. 
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When  the  Btlroction  of  cohesion  Hnd  that  of  gTavitation  are  Opposed  (o 
each  other,  the  former,  vithin  the  limits  at  which  it  acts,  is  generally 
the  stronger.  Of  this  we  have  an  instance  in  the  allraction  of  capiilsry 
tubes,  in  which  liqiuds  ascend  by  the  attraction  of  cohesion,  in  opposition 
to  that  of  gravity.  It  is,  however,  necessary  that  the  bore  of  the  tube 
should  be  extremely  small ;  for  if  the  column  of  water  within  the  tube  is 
not  very  minute,  the  attraction  would  not  be  able  either  to  raise  or  sup- 
port its  weight,  in  opposition  to  that  of  prafity.  It  may  be  observed,  also, 
that  all  solid  bodies  are  enabled,  by  the  force  of  the  cohesive  attraction  of 
their  particles,  to  resist  that  of  gravity,  which  would  otherwise  disunite 
them,  and  bring  them  to  a  level  with  the  ground,  as  it  does  in  the  case  of 
liquids,  the  cohesive  attraction  of  which  is  not  sufficient  to  enable  them 
to  resist  the  power  of  gravity.  There  is  no  attraction  of  cohesion  between 
the  Bcpamte  parts  of  pulverized  bodies  ;  every  grain  of  powder  or  sand  is 
composed  of  a  great  number  of  more  minute  particles,  firmly  united  by 
the  attraction  of  cohesion ;  but  amongst  the  grains  themselves  there  Is  no 
sensible  allraction,  because  they  are  not  in  sufficiently  close  contact. 

The  surface  of  bodies  is  so  rough  and  uneven,  that,  when  in  actual 
contact,  they  touch  each  other  only  by  a  few  points.  Thus,  if  a  book, 
the  binding  of  which  appears  perfectly  smooth,  Iw  laid  on  the  table,  so 
few  of  the  particles  of  its  under  surface  come  in  contact  with  the  (able, 
that  no  sensible  degree  of  cohesive  attraction  takes  place;  it  does  not 
slick,  or  cohere  lo  the  table,  and  there  is  no  difficulty  in  lifting  it  oS.  It  is 
only  when  surfaces  perfectly  flat  and  well  polished  are  placed  in  contact, 
that  the  particles  approach  In  sufficient  number,  and  closely  enougii  lo 
produce  a  sensible  degree  of  cohesive  attraction.  Take  two  hemiapberes 
of  polished  metal,  press  their  flat  surfaces  together,  having  previously 
interposed  a  few  drops  of  oil,  to  fill  up  every  lillie  porous  vacancy.  It 
now  requires  a  weight  of  several  pounds  to  separate  them  :  but  part  of 
this  effect  is  due,  as  will  be  explained  hereafter,  to  a  pressure  of  the  air 
on  their  surface  ;  the  residue  is  the  effect  of  cohesion.  The  same  cause 
which  occasions  the  fall  of  bodies  produces  also  their  weight ;  in  oilier 
words  it  is  t!ie  attraction  of  gravity  which  makes  bodies  heavy.  The  power 
which  brings  bodies  that  are  unsupported  to  the  ground  causes  those  which 
are  supported  to  press  upon  the  objects  which  prevent  (heir  fall,  with  a 
weight  equal  to  the  force  with  which  they  gravitate  towards  the  earth. 

Attraction  being  mutual  between  two  bodies,  when  a  stone  falls  to  the 
earth,  the  earth  should  rise  part  of  the  way  to  meet  it.  But  when,  on 
ihe  other  hand,  you  consider  that  attraction  is  proportioned  to  the  mass  of 
the  attracting  and  attracted  bodies,  you  will  no  longer  expect  to  see  the 
earth  rising  to  meet  the  atone.  You  may  possibly  imagine  that,  according 
to  this  theory,  t.lie  hills  should  attract  the  houses  and  churches  towards 
them.  The  hills  no  doubt  exert  this  influence,  but  they  cannot  move  the 
buildings,  because  they  can  neither  overcome  the  attraction  of  cohesion 
between  the  bricks  and  the  mortar,  nor  that  of  gravity  which  fixes  the  wall 
lo  Ihe  ground.  Ther^  are,  however,  some  instances  in  which  the  attrac- 
tion of  a  Ifti^  body  has  sensibly  counteracted  that  of  the  earth,  If  a  man, 
standing  on  the  declivity  of  an  abrupt  mountain,  hold  a  plumb-line  in  bis 
hand,  the  weight  will  not  fall  perpendicularly  to  the  earth,  but  incline  a  little 
towards  the  mountain  ;  and  this  is  owing  to  the  lateral  or  sideway  attraction 
of  the  mountain  interfering  with  the  perpendicular  attraction  of  the  earth. 

If  no  obstacle  intervened  to  impede  the  fall  of  bodies,  attraction  would 
make  them  all  descend  with  an  equal  velocity,  or  quickness;  bo  that 
those  which  fikU  from  the  same  height  would  reach  the  earth  in  the  sttme 
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space  of  time.  It  may  be  objected,  that  since  attraction  ia  proportioned  to 
the  quantity  of  matter  which  a  body  contains,  the  earth  miiat  necessarily 
attract  a  lieavy  body  more  strongly,  and  consequently  brin^f  it  to  the 
ground  more  rapidly  than  a  light  one.  In  answer  to  this,  it  must  be 
observed  that  bodies  have  no  natural  tendency  to  fall  any  more  than  to 
rise,  or  to  move  laterally,  and  that  they  will  not  faU  unless  impelled  by 
some  force  ;  and  ^lis  foice  must  be  proportioned  to  the  quantity  of  matter 
it  has  to  move.  A  body  consisting  of  1000  particles  of  matter,  for  instance, 
requires  ten  times  the'force  of  attraction  to  bring  it  to  the  ground,  in  the 
same  space  of^me,  that  a  body  consisting  of  only  100  particles  does.  If 
you  draw  towards  you  two  bodies,  the  one  of  100,  the  other  of  lOOOlbs. 
weight,  will  you  not  he  obliged  to  exert  ten  timea  as  mueii  strength 
to  draw  the  heavier  one  to  you  in  ttie  same  time  that  would  be  re- 
quired for  the  lighter  one?  Therefore  ifthe  earth  draw  abody  of  1000  lbs. 
weight  toil  in  the  same  space  of  time  that  it  draws  abody  of  100  lbs., 
it  follows  that  it  does  actually,  as  we  have  stated  It  (o  do,  attract  the 
heavier  body  ten  times  more  ihan  the  lighter  one.  So  that  the  more 
matter  there  is  in  a  body,  the  more  forcibly  it  will  gravitate  ;  the  more 
force  there  is,  the  more  there  is  for  the  force  to  do.  ^he  consequence  of 
this  should  be,  that  all  bodies,  whether  light  or  heavy,  being  at  an  equal 
dtslunce  from  the  earth,  should  fall  to  it  iii  the  same  time,  or,  in  other 
words,  that  their  velocities  should  be  equal.  But  eiperience  seema  to 
contradict  this,  for  we  see  bodies  falling  quickly  or  slowly  in  proportion 
as  they  are  heavy  or  light  We  must  inquire,  therefore,  what  is  the  cause 
which  interferes  with  the  regular  action  of  gravity  on  bodies,  and  makes 
them  &1I  with  such  various  degrees  of  velocity.  This  cause  is  the  resist* 
ance  of  the  air  through  which  bodies  fall.  They  must  force  their  way 
through  this  medium ;  and  heavy  bodies  overcome  this  obstacle  more 
easily  than  lighter  ones,  for  the  resistance  which  ihe  air  opposes  to  the  fall 
of  bodies  is  proportioned  to  their  bulk,  not  to  their  weight ;  the  air,  being 
inert,  cannot  do  more  to  support  the  weight  of  a  cannon  ball  than  that 
of  a  ball  of  leather  of  (he  same  size  ;  now  as  the  cannon  ball  contains 
perhaps  100  times  more  matter  than  the  leather  hall,  it  would  require  100 
limes  more  resistance  to  impede  its  fall  equally.  The  larger  the  surface 
of  a  body  the  more  air  it  covers  and  the  greater  is  the  resistance  it  meets 
with  from  it.  A  sheet  of  paper  expanded  descends  gently  to  the  ground. 
If  rolled  up  in  a  ball  it  offers  hut  a  small  surface  to  the  air,  encounters  but 
little  resistance,  and  foils  with  much  greater  velocity.  The  heaviest  bodies 
may  be  made  to  float  awhile  in  the  air  by  extending  their  surface  so  as  to 
counterbalance  their  weight;  gold  ia  one  of  the  most  dense  bodies  we 
know ;  but  when  beaten  into  a  very  thin  leaf  it  offers  so  great  an  extent  of 
surface  in  proportion  to  its  weight  that  its  fall  is  still  more  slow  than  that 
of  a  sheet  of  paper.  When  bodies  have  but  little  bulk  in  proportion  to  their 
weight,  the  resistance  of  the  air  has  but  a  very  trifling  effect ;  and  stones 
of  different  sizes  let  fall  from  the  top  of  a  house  will  reach  the  ground 
very  nearly  at  the  same  time. 

The  air  itself  is  also  snl^ected  to  the  law  of  gravity,  the  lower  stratum  is 
actually  in  conlact  with  the  earth,  and  the  superior  strata  are  supported  by 
il,  just  as  water  at  the  bottom  of  a  basin  supports  that  which  is  at  the 
surface.  But  the  air  is  an  elastic  fluid,  the  peculiar  property  of  which  is, 
to  resume,  afler  compression,  its  original  dimensions  ^  and  the  air  of  the 
%tmosphere  must  be  considered  as  constantly  in  a  slate  of  compression, 
from  the  attraction  of  the  earth ;  it  has  therefore  a  constant  tendency  to 
ei^pand  itself,  and  this  is  called  the  spring  oceliiaticK;  of  the  air.    Tim 
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compression  is  increased  in  ihe  lower  strata  of  air  by  the  weight  of  (be 
upper  Btrala,  which  rests  upon  them,  and  tliua  the  air  near  the  Burface 
of  the  earth  is  more  dense  than  in  the  superior  regions.  The  pressure 
of  the  atmosphere  has  been  compared  to  that  of  a  pile  of  fleeces  of  wool, 
in  which  the  lower  fleeces  are  pressed  together  by  the  weight  of  those 
aboTe  ;  these  lie  light  and  loose  iu  proportion  as  they  approach  the  up- 
permost fleece,  which  receiving  no  external  pressure  is  confined  merely 
by  the  power  of  its  own  gravity. 

There  are  some  bodies  which  do  not  appear  (o  gravitate:  smoke  and 
steam,  for  instance,  rise  instead  of  falling,  but  it  is  still  gravity  which 
produces  their  ascent.  The  air  near  the  earth  being  heavier  than  smoke, 
steam,  or  other  vapours,  not  only  supports  these  light  bodies,  but,  by  its 
own  tendency  to  sink  below  them,  forces  them  to  rise.  The  principle 
is  just  the  same  as  that  by  which  a  cork,  or  a  drop  of  oil,  if  forced  to  the 
bottom  of  a  vessel  of  water,  rises  to  the  top  as  soon  as  it  is  set  at  liberty  : 
the  only  difference  being,  that,  in  the  case  of  the  atmosphere,  the  weight 
or  density  continually  diminishes  i  and  the  ascending  body  therefore  does 
not  rise  through  the  whole  extent  of  the  atmosphere,  but  only  till  it  reaches 
a  stratum  of  which  the  weight  is  equal  to  its  own;  and  there,  if  no  other 
changes  take  pUce,  it  remains  stationary-  Smoke  ascends  but  a  very  little 
way ;  it  consists  of  minute  panicles  of  fuel  carried  up  by  a  current  ot 
heated  air  from  Ihe  fire  below.  Heat  expands  all  bodies ;  it  consequently 
rarefies  air,  and  renders  it  lighter  than  the  colder  air  of  the  atmosphere  ; 
tlie  heated  air  from  the  fire  carries  up  with  it  vapour  and  small  particles 
of  the  combustible  materials  which  are  burning  in  the  fire.  When  this 
current  of  hot  air  is  cooled  by  mixing  with  Ihat  of  the  atmosphere,  the 
minute  particles  of  coal  or  other  combustible  fall,  and  it  is  this  which 
produces  the  small  black  flakes  which  render  the  air  and  everything  in 
contact  with  it,  in  London,  sO  dirty. 

Balloons  ascend  upon  the  same  principle,  the  materiata  of  which  they 
are  inade  are  heavier  than  the  air  ;  but  the  air  with  which  they  are  filled 
is  an  elastic  fluid  of  a  different  nature  from  the  atmospheric  air,  and  con- 
siderably lighter ;  so  that,  on  the  whole,  the  balloon  is  lighter  than  the  air 
which  it  displaces,  and  will  consequently  rise.  Thus  you  see  that  it  is 
the  resistance  of  the  air  alone  which  prevents  bodies  of  different  weight 
from  falling  with  equal  velocities.  Those  which  are  lighter  than  the  air 
are  forced  by  it  to  ascend  ;  those  of  an  equal  weight  will  remain  stationary 
in  it,  and  those  that  are  heavier  will  descend  through  it,  and  their  descent 
will  be  more  or  less  retarded  according  to  their  weight.  If  you  let  fall  a 
crown  piece  and  a  piece  of  writing  paper  of  exactly  the  same  dimensions, 
the  crown  piece  will  reach  the  ground  much  sooner  than  the  paper,  but  if 
you  place  the  paper  upon  it  so  closely  that  no  air  shall  intervene,  the 
paper  will  &11  as  rapidly  as  the  crown  piece.  Tliat  bodies  when  not 
supported  by  the  atmosphere  fall  with  equal  velocities  may  be  proved  by 
the  air-pump,  a  machine  by  means  of  which  the  air  may  be  expelled  from 
any  close  vefisel  placed  upon  it.  Glasses  of  various  shapes,  called  re- 
ceivers, are  employed  for  this  purpose,  and  bodies  of  whatever  size  or 
weight  placed  within  them  will  fail  from  the  top  to  the  bottom  in  the  same 
space  of  time.  The  experiment  is  usually  made  with  a  guinea  and  a 
fealhcr:  they  are  placed  on  a  brass  plate  in  the  upper  end  of  tlie  glass, 
and  as  soon  as  the  air  is  pumped  out,  by  turning  a  screw  the  brass  plate 
is  inclined,  and  the  two  bodies  &11  at  Ihe  same  moment,  and  reach  (be 
ground  at  tlie  same  luoment. 
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SBfTiOM  II. — On  tht  LatD$  of  Motion,  and  the  Centre  of  Gravity. 

T»i  science  of  mechanica  is  rounded  on  the  laws  of  motion ;  it  wiiJ 
Ujerefore  be  oecessary  to  explain  tbeee  lotrs  before  ne  examine  the  me- 
ckaoical  powers.  Motion  consists  in  a  cban^  of  place.  A  body  is  in 
n:otioD  whenever  it  is  changing  its  situation  nith  regard  to  a  ftted  point. 
Now  having  otwerved  that  one  of  the  general  properties  of  bodies  is 
isertia,  that  is,  an  entire  passivenesa  either  with  regard  to  niotioD  or  rest, 
il  follows  that  s  body  cannot  move  without  being  put  into  motion  :  the 
power  which  puts  a  bod;  into  motion  is  called  force;  thus  the  stroke  oi 
the  hammer  is  the  force  which  drives  the  nail ;  the  pulling  of  the  faorse, 
that  which  draws  the  carriage.  Gravitation  is  the  force  which  occasions 
the  fall  of  bodies,  cohesion  that  which  binds  the  particles  of  bodies 
together,  and  heat  a  force  which  drives  them  asunder.  The  motion  oi 
a  body  acted  upon  by  a  single  force  is  always  in  a  straight  liiie,  in  the 
direction  in  which  it  received  the  impulse. 

The  rate  at  which  a,  body  moves,  or  the  length  of  time  which  it  takes 
to  move  from  one  place  to  another,  is  called  its  velocity  ;  and  it  in  one 
of  the  laws  of  motion  that  the  velocity  of  the  moving  body  is  proportional 
to  the  force  by  which  it  is  put  in  motion.  The  velocity  of  a  body  is  called 
abtolvte,  if  we  consider  the  motion  of  the  body  in  space,  without  any 
reference  to  lliat  of  other  bodies.  When,  for  instance,  a  horse  goes  fifty 
miles  in  ten  hours,  his  velocity  is  five  miles  an  hour.  It  is  termed 
relative,  when  compared  with  that  of  another  body  which  is  itself  in 
motion.  Thus  a  man  sailing  in  a  ship  may  remain  at  rest  relatively  to 
the  vessel,  though  he  partakes  of  its  absolute  motion ;  but  if  he  walk  the 
tieck  in  the  same  direction  as  that  in  which  the  ship  is  sailing,  his 
dbfiolute  motion  will  be  increased  by  the  rate'  at  which  he  moves  along  it, 
and  hia  relative  motion  will  be  the  difference  between  his  own  absolute 
motion  and  that  of  the  ship.  So  if  two  carriages  go  along  the  same  road 
iu  the  same  direction,  their  relative  velocity  will  be  the  diflerence  of  their 
absolute  velocities ;  if.  in  opposite  directions,  the  tame.  If  they  slart 
from  the  same  point  along  two  roads,  making  an  angle  with  each  other, 
their  relative  motion  will  be  measured  by  their  distance,  in  a  straight 
line,  from  each  other  after  a  given  time,  and  the  direction  of  this  relative 
motion  will  be  the  direction  of  that  line.  The  absolute  velocity  of  a  body 
is  measured  by  the  space  over  which  it  moves,  iu  some  particular  time, 
selected  as  the  standard  ;  the  velocity  per  hour,  for  instance,  would  be 
shewn  by  dividing  the  number  of  miles  travelled  over  by  the  number  of 
hours  occupied  in  the  journey.  Thus,  if  you  travel  one  hundred  miles 
in  twenty  hours,  and  wish  to  know  what  is  your  velocity,  you  divide  100 
by  20,  and  the  answer  will  be  5  miles  an  hour.  We  say,  also,  thai  space 
is  equal  to  the  velocity  multiplied  by  the  time ;  if  your  velocity  he  three 
miles  an  hour,  and  you  travel  sis  hours,  yon  will  have  gone,  in  all,  a 
space  of  eighteen  miles. 

Uniform  motion  is  that  of  a  body  which  passes  over  equal  spaces  in 
equal  times.  It  is  produced  by  a  force  having  acted  on  a  body  once, 
and  having  ceased  to  act,  such  as  the  stroke  of  a  bat  on  a  cricket- ball. 
But  it  may  be  said,  that  the  motion  of  a  cricket-ball  is  not  uniform,  its 
velocity  gradually  diminishing  till  it  falls  to  the  ground.  In  answer  to 
this  objection,  you  must  observe  that  the  ball  is  inert,  having  no  more 
power  to  slop  than  to  put  itself  in  motion  ;  if  it  fall,  therefore,  it  must  be 
stopped  by  some  force  superior  to  that  by  which  it  was  projected  ;  and 
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this  force  is  gravity,  which  counteracts  and  finally  overcomes  that  of 
projection.  II'  neither  gravity  nor  any  other  force  (such  as  the  resislcnce 
of  the  air  or  the  friction  of  the  ground)  opposed  its  motion,  the  cricket<- 
ball,  or  even  a  stone  thrown  by  the  hand,  would  proceed  onwards  ii  a 
right  line,  and  with  an  uniform  velocity  for  ever!  Yet  we  have  no  «- 
ample  of  perpetual  motion  on  the  surface  of  the  eartli;  because  the 
causes  referred  to  ultimately  destroy  all  motion,  whether  produced  by 
natural  or  artificial  meaiiB. 

When  we  study  the  celestial  bodies,  we  find  that  nature  abounds  willi 
examples  of  perpetual  motion,  and  that  it  conduces  as  much  to  tbe 
harmony  of  the  system  of  the  universe,  as  the  prevalence  of  it  would  to 
the  destruction  of  all  stability  on  the  surlace  of  the  globe.  Providence 
lias  therefore  ordained  insurmountable  obstacles  to  perpetual  motion  here 
below  j  and  though  these  obstacles  otlen  compel  us  to  contend  with 
great  dillicullies.  yet  the  general  result  is  that  order,  regularity  and 
repose,  so  essential  to  the  preservation  of  the  various  beings  of  which  this 
world  is  composed, 

Bttarded  motion  is  produced  by  some  force  acting  on  a  body  in  a 
direction  opposed  to  that  which  first  put  it  in  motion,  uid  thus  gradually 
diminishing  its  velocity. 

Accelerated  motion  is  produced  when  the  force  which  put  a  bod^  in 
motion  coDtinites  to  act  upon  it  during  its  motion,  so  that  ils  velocity 
is  continually  increased.  Let  us  suppose,  that  the  instant  afier  a  stone 
is  lei  fall  from  a  high  tower  the  force  of  gravity  were  annihilated:  tbe 
stone  would  nevertheless  descend,  for  a  body,  having  once  received  an 
impulse,  will  not  stop  (unless  some  obstacle  impede  its  course),  but  move 
on  with  a  uniform  velocity.  If,  then,  the  force  of  gravity  be  not  de- 
stroyed  after  having  given  the  first  impulse  to  the  stone,  but  continues  to 
act  on  it  during  the  whole  of  its  descent,  it  is  easy  to  understand  that  its 
motion  will  be  thereby  accelerated,  Let  us  suppose  that  the  impulse 
given  by  gravity  to  the  stone  during  the  first  instant  of  its  descent  be 
equal  to  one ;  the  next  instant  we  shall  find  that  an  additional  impulse 
gives  the  stone  an  addidonal  velocity  equal  to  one ;  so  that  the  accu- 
mulated velocity  is  now  equal  to  two ;  the  following  instant  another 
impulse  increases  the  velocity  to  three,  and  so  on  till  the  stone  reaches 
the  ground.  The  spaces  described  in  a  given  time  follow  a  law  slightly 
different ;  for  it  has  been  ascertained,  both  by  experiment  and  calculations, 
that  heavy  bodies  descending  from  a  height  by  the  force  of  gravity,  fall 
sixteen  feet  in  the  first  second  of  time,  three  times  that  distance  in  the 
next,  five  times  in  the  third  second,  seven  times  in  the  fourth,  and  so  on, 
regularly  increasing  both  their  velocities  end  the  spaces  described  ac- 
cording to  tbe  number  of  seconds  during  which  the  body  has  been  falling. 
Thus  Uie  height  of  a  building  or  the  depth  of  a  well  may  be  measured 
by  observing  the  length  of  time  which  a  stone  takes  in  falling-  from  the 
top  to  the  bottom. 

If  a  atone  be  thrown  perpendicularly  upwards,  it  is  the  same  length 
of  lime  ascending  that  it  is  descending.  In  the  first  case  the  velocity 
b  diminished  by  the  force  of  gravity,  in  descending  it  is  accelerated  by  it. 
The  force  of  projection  given  to  a  body  in  throwing  it  upwards  is  equal 
to  the  force  with  which  it  strikes  theground  when  it  descends  again,  and 
this  latter  force  is  the  effect  produced  by  gravity  during  the  time  of  its  fall. 
If  a  stone  be  thrown  upwards  gently  it  will  not  rise  high,  and  gravity  will 
soon  make  it  descend  ;  if  thrown  with  violence,  it  will  rbe  higher,  and 
gravity  will  be  longer  in  bringing  it  back  to  the  ground.    Suppose  that 


iiized  by  Google 


INTRODUCTION  TO  MECHANICS.  xl 

it  be  thrown  with  a  force  vibich  will  make  it  riae  onl^  siiteen  Teet,  in 
that  case  it  will  foil  in  one  iecond  of  lime.  Noir  it  is  proved  by  espe- 
riment,  that  an  impulse  requisite  to  project  a  body  sixteen  feet  upvranle, 
will  make  it  ascend  that  height  in  one  second ;  here  then  the  times  of 
the  ascent  and  descent  are  equal.  But  snpposing  it  be  required  to  throw 
a  stone  tnice  that  height,  the  force  niust  be  greater.  Thus  the  impulse 
of  projection  in  throwing  a  body  upwards,  is  equal  to  the  accumulated 
effect  produced  by  gravity  during  its  descent ;  and  it  is  the  greater  or 
less  diBlanc«  to  which  the  body  rises,  that  makes  these  balance  each 
other,  for  it  g;ives  more  time  for  the  force  of  gravitation  to  act. 

We  must  now  explain  to  you  what  is  meant  by  the  montenium  of  bodies. 
It  is  the  force,  or  power,  with  which  a  body  in  motion  would  strike  against 
another  body,  so  as  to  set  the  latter  in  motion.  The  momentum  of  a 
body  is  composed  of  its  weight,  multiplied  by  its  velocity.  The  quicker 
a  body  moves,  the  greater  will  be  the  force  with  which  ft  will  strike 
against  another  body ;  so  that  a  small  light  body  may  have  n  greater 
momentum  than  a  large  heavy  one,  provided  its  velocity  be  sufficiently 
great.  For  instance,  the  momentum  of  sn  arrow  shot  from  a  bow  is 
greater  than  that  of  &  stone  thrown  by  the  hand.  We  know  also  by 
experience,  that  the  heat-ier  «  body  Is,  Uie  greater  is  its  force,  if  it  acts 
in  other  respects  under  the  same  circumstances,  therefore  the  whole 
power  or  momentum  of  a  body  is  composed  of  these  two  properties. 
But  why  should  not  these  be  added  together,  instead  of  being  multiplied 
by  one  another?  It  is  found  by  experiment,  that  if  the  weight  of 
a  body  be  represented  by  the  number  3,  and  its  velocity  also  by 
3,  its  momentum  will  be  as  0;  not  6,  as  would  be  the  case  were 
these  figures  added,  instead  of  being  multiplied  tog;ether.  The  same 
conclusion  may  very  easily  be  deduced  by  reasoning.  If  two  bodies, 
one  of  one  pound  weight,  the  other  of  two,  have  the  same  velocity, 
the  moving  force  of  the  second,  or  its  momentum,  is  double  that  of  the 
first.  If  a  third  body,  also  of  two  pounds,  move  with  three  times  the 
velocity  of  the  second,  ita  momentum,  the  weights  being  in  this  case 
equal,  is  three  times  that  of  the  second.  But  the  momentum  of  the 
second  is  twice  that  of  the  first;  therefore  the  momentum  of  the  third  id 
three  times  this  quantity,  or  six  times  that  of  the  first.  By  thus  dividing 
the  process,  and  looking  first  to  the  effect  of  a  change  of  the  velocity, 
and  aflerwarda  to  that  of  the  change  of  the  weight,  it  becomes  evident  that 
these  eflects  are  to  be  muU^lied  together. 

The  re-action  of  bodies  is  the  next  law  of  motion  to  be  explained. 
When  a  body  in  motion  strikes  sg^ust  another  body  it  meets  with  resist- 
ance ;  the  resistance  of  the  body  at  rest  will  be  equal  to  the  blow  struck 
by  the  body  in  motion ;  or,  in  philosophical  language,  action  and  re-action 
will  be  equal,  and  in  opposite  directions. 

The  most  striking  experiments  on  these  subjects  are  made  with  elastic  bo- 
dies.  EUuticity  is  a  property,  by  mean^  of  which  bodies  that  are  compressed 
return  to  thur  former  stale.  If  you  bend  a  cane,  as  soon'as  it  is  at  liberty 
it  recovers  its  former  position  ;  if  you  press  your  finger  upon  your  arm, 
as  soon  as  you  remove  it,  the  flesh,  by  virtue  of  its  elasticity,  rises  and 
destroys  the  impression.  Of  all  bodies,  those  in  (he  form  of  air  or  gas 
are  the  most  eminent  for  this  property.  Hard  bodies  are  in  the  next 
degree  elastic :  if  two  ivory  or  metallic  balls  be  struck  together,  the 
parts  at  which  they  touch  will  be  flattened,  but  no  mark  is  perceptible, 
their  elattidtT  instantly  destroying  all  trace  of  it.  If,  however,  a  very 
small  spot  of  ink  be  placed  on  one  of  the  balls  at  the  point  of  contact, 
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it  will  be  found  afler  the  contact  lo  have  spread,  and  will  thus  shew  that 
there  has  been  compression.  Soft  bodies,  which  easily  retain  impres- 
sions, such  as  day,  wax,  tallow,  butter,  &c.  have  very  little  elaslicUy. 

The  cause  of  elasticity  is  not  well  ascertained.  Elasticity  implies  sus- 
ceptibility of  compression,  and  the  susceptibility  of  compression  depends 
upon  the  porosity  of  bodies ;  for  were  there  no  pores  or  spaces  between 
the  particles  of  matter  of  which  a  body  is  composed,  it  could  not  be  com- 
pressed. But  you  must  not  hence  infer,  that  bodies  whose  particles  are 
moat  distant  from  each  other  are  most  elastic.  Elasticity  implies  not 
ooly  susceptibility  of  compression,  but  the  power  of  resuming  its  former 
slate  after  compression.  The  pores  of  such  bodies  as  ivory  and  metals 
are  invisible  to  the  naked  eye  ;  but  it  is  well  ascertained,  that  gold,  one  of 
the  moat  dense  of  all  bodies,  is  extremely  porous,  and  that  its  pores  are 
sufficiently  large  to  admit  water,  under  great  pressure,  to  pass  throug;h 
them.  In  cork,  sponge,  and  bread,  the  poies  form  considerable  cavities; 
ill  wood  and  many  kinds  of  stoue,  when  not  polished,  they  are  perceptible  lo 
the  naked  eye  ;  whilst  in  ivory,  metals,  and  most  varnished  and  polished 
bodies,  Ihey  cannot  be  discerned.  To  give  an  idea  of  the  eitrcme 
porosity  of  bodies,  Sir  Isaac  Newton  conjectured  thaWf.  the  earth  were  bo 
compressed  as  to  be  absolutely  without  pores,  its  dimensions  might  pos- 
sibly not  be  more  than  a  cubic  inch. 

The  elasticity  of  ivory  is  very  perfect;  that  is  to  say,  it  restores  itself,  after 
compression,  with  a  force  very  neariy  equal  to  that  exerted  in  compressing  il. 
Ifiwo  ivory  balls  of  equal  weight  be  suspended  by  threads  (jfjT'  ')•  <""'  ""^ 
of  them  Abe  drawn  a  little  on  one  side  and  then  let  go,  it  will  strike  against 
the  other  ball  B,  and  drive  it  off  to  a  distance  equal  to  that  through  which  the 
Fig.  1.  Pig.  2.  Fig.  3. 


first  ball  fell ;  but  the  motion  of  A  will  be  stopped,  because,  when  it  strikes 
B,  it  receives  in  return  a  blow  equal  to  that  it  gave,  and  its  motion  is  con- 
sequently destroyed.  Therefore,  when  one  body  strikes  against  another, 
the  quantity  of  motion  communicated  to  the  second  body  is  lost  by  the 
first,  but  this  loss  proceeds — not  from  the  blow  given  by  the  striking 
body, — but  from  the  re-action  of  the  body  which  it  struck. 

If  six  ivory  balls  of  equal  weight  be  hung  iu  a  row  (Jig.  2),  and  the  first 
he  drawn  out  of  the  perpendicular,  and  let  fall  against  the  second,  none  of 
the  balls  will  appear  to  move  except  the  lust,  which  will  fly  off  as  fares  the 
first  ball  fell.  For  when  the  first  hall  strikes  the  second,  it  receives  a  blow  in 
return,  which  destroys  its  motion.  The  second  ball,  although  it  does  not 
appear  to  move,  strikes  against  the  third ;  the  reaction  of  which  sets  it 
at  rest:  the  action  of  the  third  ball  is  destroyed  by  the  re-action  of  the 
fourth,  and  so  on,  till  motion  is  communicated  to  the  last  ball,  which,  not 
being  re-acted  upon,  flies  off  This  effect  takes  place  accurately  only  in 
the  case  aiperficUy  elastic  bodies. 

If  two  balls  of  clay  (^.  3),  which  are  not  elastic,  be  suspended,  and  one 
of  them,  D,  be  raised  out  of  the  perpendicular  and  let  fall  against  the 
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other  E,  only  part  or  Uie  motion  ofD,  therefore,  will  be  ilcatroyed  by  it,  and 
the  tno  balls  will  move  on  together  to  d  and  e,  which  are  less  distant  from 
the  Tertical  line  than  the  ball  D  was  before  it  fell.  Still,  however,  action 
and  re-action  are  equal ;  for  the  action  on  E  is  only  enough  to  make  it 
move  through  &  smaller  space,  but  so  much  of  IVa  motion  is  now  also 
destroyed.  If  the  elasticity  of  the  ballsbe  imperfect,  the  eSect  will  be  in- 
termediate between  the  effecta  produced  in  the  cases  we  have  mentioned  ; 
that  is  to  say,  the  ball  struck  will  rise  forther  than  in  the  case  of  non-elas- 
tic bodies,  and  less  far  than  in  that  of  perfectly  elastic  bodies ;  and  the 
striking  ball  will  be  retarded  more  than  in  the  fbrmer  case,  but  not  stopped 
completely,  as  in  the  latter.  They  will  therefore  move  onwards  both  after 
the  blow,  but  not  together,  or  to  the  same  distance  ;  but  in  this,  as  in  the 
preceding  cases,  the  whole  quantity  nf  motion  destroyed  in  the  striking 
hall  will  be  equal  to  that  produced  in  the  ball  struck. 

Birds,  in  flying,  strike  the  air  with  their  wings,  and  it  is  the  re-action 
of  the  air  which  enables  ihem  to  rise  or  advance  forwards.  The  force 
with  which  their  wings  strike  against  the  air  must  equal  the  weight  of 
their  bodies,  in  oider  that  the  re-action  of  the  air  may  be  able  to  sapport 
that  weight;  the  bird  will  then  remain  slatioaary.  If  the  stroke  of  the 
wings  be  greater  than  is  required  merely  to  support  the  bird,  the  re-actiou 
of  the  air  will  make  it  rise ;  if  it  be  less,  it  will  descend :  the  lark  some- 
times remains  with  its  wings  extended,  but  motionless ;  in  this  slate  it 
drops  rapidly  into  its  nest.  A  bird  expands  his  wings  when  he  gives  the 
stroke,  the  re-action  of  which  is  to  impel  him  onward,  and  contracts  litem 
when  in  the  opposite  direction.  The  swimming  of  fishes  is  on  the  same 
principle  ;  their  fins  are  expanded  and  contracted  in  a  like  manner ;  and 
a  man  in  swimming  strikes  his  hands  out  to  produce  the  re-action  which 
impels  him  forward,  and  turns  them  edgewise  to  lessen  the  effect  of  the 
contrary  re-sction.  In  rowing,  the  oars  are  lifted  out  of  the  water  after 
every  strobe,  bo  as  completely  to  prevent  any  re-action  in  a  backward 
direction;  and  even  in  moving  them  through  the  tur  they  are  turned  edge- 
wise, or  feathered,  as  it  is  called,  from  its  resemblance  to  the  action  of  the 
feathers  of  a  bird  in  flying 

Let  ns  now  return  to  the  subject  of  re-action,  on  which  we  have  some 
further  obsemstions  to  make.  It  is  re-action  being  contrary  to  action 
which  produces  reflected  motion.  If  you  throw  a  ball  against  a  wall,  it 
rebounds ;  this  return  of  the  ball  is  owing  lo  the  re-action  of  the  wall 
against  which  it  struck,  and  is  called  reflected  motion.  A  ball  filled  with 
air  rebounds  better  than  one  stuffed  with  bran  or  wool,  for  the  elasticity  of 
the  air  re-acts  afler  compression.  If  the  ball  be  thrown  perpendicularly 
against  a  wall  it  returns  straight  towards  the  hand,  though  the  action  of 
{rravity  draws  it  downwards  before  reaching  it ;  but  if  thrown  obliquely 
upwards,  it  rebounds  slill  higher.  ^Ve  use  the  term  perpendicular  in  pre- 
ference to  the  more  familiar  word  straight,  because  straight  is  a  general 
term  for  lines  in  all  directions  which  are  neither  curved  nor  bent,  and  is, 
therefore,  equally  applicable  to  oblique  or  perpendicular  lines.  A  perpen- 
dicular line  has  always  a  reference  to  something  towards  which  it  b 
perpendicular ;  that  is  lo  say,  that  it  inclines  neither  to  the  one  side  nor 
the  other,  but  makes  an  equal  angle  on  either  side. 

Let  the  line  A  B  {flg.  4)  represent  the  floor  of  (he  room,  and  the  line 
C  D  that  in  which  you  throw  a  ball  against  it :  the  line  C  D,  you  will 
observe,  forms  two  angles  with  the  line  A  B,  and  those  two  angles  are 
equal.  All  circles  are  supposed  to  be  divided  into  860  equal  parts,  called 
degrees  ;  the  opening  nf  an  angle  being,  therefore,  a  portion  of  a  circle, 
roust  coDtain  a  certain  number  of  degrees:  the  larger  the  angle,  the  i 
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greater  the  number  of  defrees,  and  two  angles  are  said  to  be  equal  ythen 
they  contain  an  equal  number  of  degrees:  the  two  an^es  (ADC  and 
C  D  B,  _fig.  4)  are  together  just  equal  to  half  a  circle  ;  they  contain,  there- 
fore, 90  degrees  each  :  90  being  a  quarter  ofSGO.  An  angle  of  90  degrees 
is  called  a  right  angle,  and  when  one  line  is  perpendicular  to  another,  it 
forms  a  right  angle  on  either  aide.  Angles  containing  more  than  90 
degrees  are  called  obtuse  angles  ijig-  f>)  ;  and  those  containing  less  than 
90  degrees  are  called  acute  angles  (Jig.  6).     Thus  the  angles  of  a  square 


Fig.  9. 


Fig.  7. 


Fig.  b. 


tahle   are   right-angles,  those  of  an  octagon  table  obtust 

those  ofsharp  pointed  instruments,  acute  angles, 

billiard  player  strikes  the  ball  perpendicularly  against  Ihe 
cushion,  it  returns  In  the  sante  direction  ; 
but  when  he  sends  it  obliquely  to  the  cushion 
it  rebounds  obliquely  on  the  opposite  side; 
the  ball  in  this  latter  case  describes  an 
angle,  the  point  of  which  is  at  the  cushion. 
The  more  obliquely  the  ball  be  struck  against 
the  cushion,  the  more  obliquely  it  will  re- 
bound on  the  opposite  side,  so  that  a  billiard 
player  can  cslculate  with  great  accuracy  in  what 
direction  it  will  return.  Pig'.  T  represents  a 
billiard  table  :  if  a  line  A  B  be  drawn  perpen- 
dicular to  the  cushion  from  the  point  where 
the  hall  A  strikes,  it  will  divide  the  angle 
which  the  ball  describes  into  two  parts,  or  two 
angles  ;  llie  one  will  show  the  obliquity  of  the 
direclioii  of  the  ball  in  its  passage  towards  the 
cushion,  the  other  its  obliquity  in  its  passage 
back  from  the  cushion.    The  first  U  called  the 
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angle  of  incidence,  ihe  other  ikt  angle  of  reJUction,  and  these  angles  are, 
if  the  bodies  be  perfectly  elastic,  equal. 

We  shall  non  explain  the  nature  of  compound  motion.  If  a  body  lie 
struck  by  two  equal  forces,  in  opposite  direcUons,  it  will  not  move.  But 
if  the  forces,  instead  of  acting  on  the  body  in  opposition,  strike  it  in  two 
direcUons  inclined  to  each  other,  at  an  angle  of  90  degrees,  if  the  ball 
A  (^.  8)  be  sLmck  by  equal  forces  at  X  and  at  Y,  the  force  X 
would  seud  it  towards  B,  and  the  force  ¥  towards  C ;  end  since  these 
forces  are  equal,  the  body  cannot  obey  one  impulse  rather  than  the  other. 
Yet  as  they  are  not  in  direct  opposition,  -  they  cannot  entirely  destroy 
the  effect  of  each  other ;  the  body  will  therefore  move,  but,  following  the 
direction  of  neither,  it  will  move  in  a  line  between  them,  and  reach  D  in  the 
same  space  of  time  that  the  force  X  would  have  sent  it  to  B,  and  the  force  Y 
would  have  sent  it  to  C.  Now,  if  two  lines  be  drawn  from  D  to  join  B  and 
0,  a  square  will  be  produced,  and  the  oblique  line  which  the  body  describes 
is  called  the  diagonal  of  the  square.  Supposing  the  two  forces  (o  be 
unequal,  that  X,  for  instance,  be  twice  as  great  as  T ;  then  X  will  drive 
the  ball  twice  as  far  asY,  consequently  the  line  AB  0^.  9)  will  be 
Tig  a  Fig.  9.  Fig.  10. 


twice  as  long  as  the  line  AC;  the  body  will  in  this  case  move  (o  D ; 
and  if  lines  be  drawn  from  that  point  to  B  and  C,  you  will  find  that 
the  ball  will  have  moved  in  the  diagonal  of  a  reclan^e.  Let  us  now 
suppose  the  two  forces  to  be  unequal,  and  not  to  act  on  tlie  ball  in 
the  direction  of  a  right  angle,  but  in  that  of  an  acul«  angle.  The  boll 
will  move  from  A  to  D  (Jig.  10),  in  the  diagonal  of  a  parallelogram, 
A  B  D  C.  Forces  acting  in  the  direction  of  lines  forming  an  obtuse  angle 
will  also  produce  motion  in  the  diagonal  of  a  parallelogram.  For  in- 
stance, if  the  body  set  out  from  B  instead  of  A,  and  was  impelled  by 
the  forces  x  and  y,  it  would  move  in  the  dotted  diagonal  B  C. 

We  shall  now  proceed  to  circular  motion :  this  is  the  result  of  the  action 
of  two  forces  on  a  body,  by  one  of  which  it  is  projected  forward  in  a  right 
line,  whilst  by  the  other  it  is  continually  directed  towards  a  fixed  point. 
For  instance,  if  I  whirl  a  ball  fastened  to  my  hand  with  a  string,  the 
ball  will  have  a  circular  motion,  because  it  is  acted  on  by  two  forces, 
that  I  give  it,  which  represents  the  force  of  projection,  and  that  of  the 
string,  which  conftues  it  to  my  hand.  If  during  Its  motion  I  were 
suddenly  to  cut  the  siring,  the  ball  would  fly  off  in  a  straight  line ; 
being  released  from  confinement  to  the  fixed  point,  it  would  be  acted  on 
but  by  one  force,  and  motion  produced  by  one  force  is  always  in  a  right 
line.  When  a  mop  is  trundled  the  threads  fly  from  the  centre ,  but 
being  confined  to  it  at  one  end,  they  cannot  part  from  it;  whilst  the 
water  they  contain  is  thrown  off  in  straight  lines.  In  the  same  way,  the 
flyers  of  a  windmill,  when  put  in  motion  by  the  wind,  would  be  driven 
•troight  forward  in  a  right  line,  were  they  not  confined  Iq  a  fixed  point, 
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round  which  they  are  compelled  to  move.  The  point  to  which  (he 
motion  of  a  small  body,  such  as  (he  ball  with  the  slriDg',  is  coDfined, 
becomes  the  centre  of  its  motion ;  for  it  may  be  considered  as  moving  in 
the  same  plane  or  fiat  surface.  But  when  a  body  is  not  of  a  size  ot 
shape  to  allow  of  our  considering  every  part  of  it  as  moving  in  the 
same  plane,  il  revolves  round  a  line,  which  is  called  the  axil  of  motion. 
lu  a  top,  for  instance,  when  spinning  on  its  point,  the  axis  is  the  line 
which  passes  through  the  middle  of  it,  perpendicularly  to  the  floor. 
The  axle  of  the  flyers  of  the  windmill  is  the  axis  of  i(s  motion.  The 
centre  of  motion  is  not  always  in  the  middle  of  a  body. 

The  middle  point  of  a  body  is  called  its  centre  of  magnitude,  that  is, 
the  centre  of  its  mass  or  bulk.  Bodies  have  also  another  centre,  called 
the  centre  of  gravity,  which  shall  be  explained ;  but,  at  present,  we 
must  confine  ourselves  to  the  axis  of  motion.  This  line  remains  at  rest, 
uliilbt  all  the  other  parts  of  the  body  move  around  it;  when  a  top  is 
spun,  the  axis  is  staUonary,  whilst  every  other  part  is  in  motion  round  it. 
A  top,  it  Is  true,  has  also  generally  a  motion  forwards,  besides  its 
Sjiinning  motion  ;  and  then  no  point  within  it  can  be  at  rest.  But  what  is 
suid  of  the  axis  of  mo^on  relates  only  to  circular  motion ;  that  is,  to  motion 
round  a  line,  and  not  to  that  which  a  body  may  have  at  the  same  time 
ill  any  other  direction. 

Ttiere  is  one  circumstance  in  circular  motiou,  which  must  be  csrefiilly 
pf-  ]  i^  attended  to ;  it  b,  that  the  further  any 

part  of  a  body  is  from  the  axis  of  mo- 
tion, the  greater  is  its  velocity :  as  you 
approach  that  line,  the  velocity  of  the 
parts  gradually  diminishes  till  you  reach 
the  axis  of  motion,  which  is  perfectly  at 
rest  The  extremities  of  the  vanes  of  a 
windmill  move  over  a  much  greater 
space  than  the  purts  nearest  the  a\is 
of  motion  (^g.  11).  The  three  dotted 
circles  describe  the  paths  in  which  three 
different  parts  of  the  vanes  move,  and 
though  the  circles  are  of  different  dimen- 
sions, the  vanes  describe  each  of  them 
in  the  same  space  of  time. 
The  force  which  confines  a  body  to  a  centre,  round  which  it  moves, 
is  culled  the  cenlripetal  force ;  and  the  force  which  impels  a  body 
to  fly  from  the  centre,  is  called  the  centrifugal  force :  in  circular 
motion,  these  two  forces  balance  each  other ;  otherwise  the  revolv- 
ing body  would  either  approach  the  centre  or  recede  from  it,  ac- 
cording as  the  one  or  the  oilier  prevailed.  And  should  any  cause 
destroy  the  centripetal  force,  the  centrifugal  force  would  impel  the  body 
pig_  12,  ^  *'y  °^  *^"""  ""^  centre.    It  would 

however,  fly  off  in  a  right  tin 
centre  ;  hut  in  a  right  line  in  the  direction 
in  which  it  was  moving  at  the  instant  of 
its  release :  if  a  stone,  whirled  round  in  a 
sling,  gets  loose  at  the  point  A  (J!^.  12],  il 
flies  off  in  the  direction  AB:  this  line  is 
called  a  tangent ;  it  touches  the  circumfe- 
rence of  the  circle,  and  forms  a  right  angle 
with  a  line  drawn  from  that  point  of  the 
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circumference  to  tlie  centre  of  the  circle  0.  Thia  force  would,  there- 
fore,  with  more  propriety  be  called  the  tangential  than  the  centrifugal 
force,  or  rather,  the  inertia  of  the  body  which  incUnes  it  to  move  in 
the  direction  of  the  tangent  is  the  tangential  force.  But  motion  in 
the  direction  of  the  tangent  would  remove  the  body  farther  from  the 
centre ;  a  tendency,  therefore,  to  auch  motion  is  a  tendency  to  leave 
the  centre,  and  that  part  of  its  force  which  tends  to  produce  motion  Ihua 
away  from  the  centre  is  called  the  centrifugal  force. 

If  a  ball  be  thrown  in  an  horiiontal  direction,  it  is  acted  upon  by  no 
less  than  three  forces:  the  force  of  projection  first  given  to  it;  the 
resistance  of  the  air  through  which  it  passes;  and  the  force  of  gravity. 
which  finally  brings  it  to  the  ground.  Gravity  and  the  resistance  of  the 
air  act  continually  ;  and  as  the  whole  effect  produced  by  them  is  always 
ao  great  as  (o  overpower  any  force  of  projection  we  cnn  communicate 
to  a  body,  the  latter  ia  gradually  overcome,  and  the  body  brought  to  the 
l^ound;  but  the  stronger  the  projectile  force,  the  longer  will  these  powers 
be  in  subduing  it,  A  shot  fired  from  a  cannon,  fur  instance,  will  go 
much  further  than  a  ball  thrown  by  the  hand.  Dodies  tlius  projected 
describe  a  curve  \ine  in  their  descent.  If  the  forces  of  projection  and  of 
gravity  both  produced  uniform  motion,  the  ball  would  move  in  the 
diagonal  of  a  parallelogram,  hut  the  motion  produced  by  the  force  of  pro- 
jection alone  is  uniform,  (hat  produced  by  gravity  is  accelerated  ;  and  it  is 
this  acceleration  which  brings  the  ball  sooner  to  the  ground,  an<1  makes  it 
fall  in  a  curve  instead  of  a  straight  line  (ate  Jig.  13).  If  a  ball  at 
A  be  projected,  in  a  horizontal  direction,  with  a  force  capable  of  carrying 
it  to  F  (which  we  will  suppose  to  be  100  feet)  in  a  second,  then,  if  it  were 
not  acted  upon  by  gravity,  it  would  proceed  from  F  to  G,  another  100 
feet,  in  the  next  second,  and  the  same  distance  G  H  in  a  third,  and  II I 
in  a  fourth  second.  Now,  if  the  ball,  when  at  A,  he  allowed  to  fall,  by 
Uie  force  of  gravity  alone,  from  A  towards  E,  it  will  full  16  feet  to  B 
during  the  first  second  *  ;  then  three  times  as  much,  or  48  feet  the  neit 
second;    and   five  times  as  much,  or  80  p^  j3 

feet,  in  the  third  second ;  and  seven 
limes  as  much,  or  1 12  feet,  in  the  fourth 
second.  Then,  in  order  to  find  the  line 
in  which  the  ball  will  move,  by  the  united 
forces  of  projection  and  gravity,  we  must 
draw  a  line  B  K  parallel  to  the  horizontal 
line  A  F,  and  16  feel  below  iC ;  then 
another  line  CL,  also  parallel,  at  the  dis- 
tance of  48  feet  more ;  then  another  line,  '  " 
DM,  80  feet  further;  then  another,EN,  112  feet  further.  Then,  at  the 
end  of  the  first  second  the  hall  will  be  at  K,  at  the  same  distance  from 
B  as  P  is  from  A ;  at  the  end  of  the  next  xecond  it  will  be  at  L,  the 
same  distance  from  0  that  G  is  from  A  ;  at  the  end  of  the  third  second 
it  will  be  at  M  ;  and  at  the  end  nf  the  fourth  second  at  N  ;  and  thus  yoil 
see  the  curve  line  A  K  L  M  N  is  described  in  its  foil,  instead  of  a  straight 
line,  which  would  be  the  case  if  A  B,  B  C,  C  D.  D  E,  were  all  equal 

We  have  not  taken  notice  of  the  resistance  of  the  air,  which  much 
complicates  these  results  in  practice.  The  principles  of  its  operntion 
may  easily  be  understood  from  the  mode  in  which  the  other  forces  act ; 
but  the  degree  and  manner  in  which  it  modifies  their  elfecis  cannot  he 
shown  without  much  difficulty  and  intricacy  of  explanation.  It  is,  how- 
•  Bee  p«go  X. 
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ever,  suffltientlj  plnin  Ih&t  this  resislanca  increagcs  with  the  velocitjr  of 
the  ball,  Tor  the  pvllcles  of  air  re-act  on  the  ball  in  proportion  to  the 
atroke  they  receive  from  it^  so  that  if  the  Torce  of  projection  be  doubled, 
the  reaistance  of  the  air  is  doubled  also  :  nor  is  this)  ail.  for  in  doubling 
the  velocity  of  the  ball,  it  passes  through  twice  the  quantity  of  air  in  the 
same  time,  and  receives  twice  the  reaistance  from  each  particle  ;  the  whole 
of  the  leaiitance  must,  therefore,  be  four  times  as  great  as  in  the  first 
inslauce.  And  if  the  velocity  of  the  ball  be  tripled,  it  will  pass  through 
three  times  the  quantity  of  air;  will  strilce  each  particle  with  three  times 
the  force,  and  receive  three  times  the  re-aclion )  which  summed  up  will 
make  nine  times  the  resistance. 

The  shortest  mode  of  calculating  the  resistance  is  to  multiply  the 
velocity  by  itself;  thus.  If  the  velocity  be  three,  multiply  It  by  three,  and 
the  product  will  be  nine.  The  product  of  a  number  multiplied  by  ilaelf 
is  called  its  square. 

The  curve>llne  which  a  ball  describes,  if  the  resistance  of  tlie  air  be  not 
taken  into  consideration,  is  called  in  geometry  a  parabola.  But  when  the 
ball  is  thrown  perpendicularly  upwards,  it  will  descend  perpendicularly ; 
because  the  force  of  projection,  and  that  of  gravity,  are  in  the  same  line 
of  direction. 

We  have  noticed  the  centres  of  ma^itude  and  of  motion,  hut  we  have 
not  yet  eiplained  what  is  meant  by  the  centre  of  gnvity.  It  is  that  point 
about  which  all  the  parts  of  a  body  exactly  balance  each  other,  in  every 
position  of  the  body ;  if,  therefore,  that  point  is  supported,  the  body  will 
not  fall.  Were  any  other  point  of  the  body  alone  supported,  the  surround- 
ing parts  no  longer  balancing  each  other,  the  body  would  fall  on  the  side 
at  which  the  parts  are  heaviest;  therefore,  whenever  the  centre  of  gravity 
is  unsupported,  the  body  must  fall.  This  sometimes  happens  with  an  over- 
loaded waggon  winding  up  a  steep  hill,  one  side  of  the  road  being  more 
elevated  than  the  other :  let  us  suppose  it  to  slope  as  described  ia^g.  14. 
We  will  suppose  that  the  centre  of  gravity  of  this  loaded  vraggoa  is  at  the 
point  A.  Now  the  eye  vrill  tell  you,  that  a 
waggon  thus  situated  wUl  overset ;  and  the  reason  Fig.  14. 

is,  that  the  centre  of  gravity.  A,  is  not  supported  ^ 
for  if  a  perpendicular  line  be  drawn  from  it  to  the  i 
ground  at  C,  it  does  not  fall  under  the  waggon  | 
within  the  wheels,  and  is,  therefore,  not  supported 
by  them.  A  perpendicular  line  thus  drawn  from 
the  centre  of  gravity  to  the  earth,  is  called  the  line 
of  direction.  Let  us  in  imagination  take  off  the 
upper  part  of  the  load ;  the  centre  of  gravity  will 
then  change  its  situation,  and  descend  to  B,  as 
that  will  now  be  the  point  about  which  the  parU  of  the  less  heavily  laden 
waggon  will  balance  each  other  -,  and  the  waggOb  will  no  longer  upset, 
for  a  perpendicular  line  from  that  point  will  fall  within  the  wheels  at  D, 
Mid  be  supported  by  them.  You  have  heard  that  it  is  dangerous,  when  a 
boat  is  in  any  risk  of  being  upset,  for  the  passengers  to  rise  suddenly  ; 
this  is  owing  to  their  rising  the  centre  of  gravity,  and  thus  increasing  the 
chance  of  throwing  it  out  of  the  line  of  direction.  When  a  man  stands 
upright,  the  centre  of  gravity  of  his  body  is  supported  by  the  feet.  If  he 
lean  on  one  side,  he  will  no  longer  stand  firm.  A  rope-dancer  performs 
all  his  feats  of  agility,  by  dexterously  supporting  his  centre  of  gravity; 
whenever  he  finds  himself  in  danger  of  losing  his  balance,  lie  shifts  tlie 
heavy  pole,  which  be  holds  in  his  hauds,  in  order  to  throw  the  weight 
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towards  th«  sicte  Ihst  is  deficient ;  and  thus  by  changing  the  situation  of 
the  centre  of  gravity,  restores  hia  eqiiilibriuui. 

A  slick  is  poised  on  the  tip  of  the  finfrer,  by  aupporiing  its  centre  of 
gravity,  and  it  is  for  nant  of  Ihis  support  that  upherical  bodies  roll  down 
a  slope.  A  sphere  being  perfectly  round,  can  touch  the  slope  but  by  a 
single  point,  and  that  point  is  not  perpendicularly  under  the  centre  of 
gravity,  which  therefore  is  not  supported.  The  centre  of  gravity  in  this 
case  coincides  nith  the  centre  of  magnitude,  but  when  one  part  of  the 
body  is  composed  of  heavier  materialB  than  another  part,  (he  centre  of 
gravity,  being  the  centre  of  the  weight  of  the  body,  will  generally  no  longer 
correspond  with  the  centre  of  magnitude,  though  it  may  accidentally  do  so. 
We  defined  the  centre  of  gravity  to  be  that  point  about  which  all 
the  parts  of  a  body  balance  each  other :  you  must  consider  it  as 
an  abstract  point,  since  there  are  cases  in  which  it  may  be  situated 
at  some  distance  from  the  body.  Such,  for  instance,  is  the  centre 
of  gravity  of  a  ring,  which  is  situated  in  the  centre  of  the  space  which  the 
ring  encircles ;  and  that  point  cannot  be  supported  unless  the  ring  be 
held  so  that  the  line  of  direction  will  fall  within  the  base  of  the  support, 
which  will  t>e  the  case,  either  if  you  poise  the  ring  on  the  tip  of  youi 
Fig.  19.  dnger,  or  if  you  suspend  it  by  a  string,  as  in^.  ]5. 

If  a  body  be  suspended  by  that  point  in  which  the 
centre  of  gntvity  is  situated,  it  will  remain  at  rest  in 
any  position  indifiereutly ;  but  if  it  be  suspended  by 
any  other  point,  it  can  rest  only  lo  the  two  following 
posiUons; — Either  when  the  centre  of  gravity  is  either 
exactly  above  or  below  the  point  of  suspension,  so 
that  the  point  of  suspension  shall  be  in  the  line  of 
direction. 

Bodies  having  a  narrow  base  are  easily  upset,  for  if  they  are  the  least 

inclined,  tlieir  centre  is  no  longer  supported,  as  you  may  perceive  in^g.  16. 

p.     jg  A  person  carries  a  single  pail  of  water  with  great 

fj  difficulty,   owing  to  the   centre  of  gravity  being 

^^S  thrown   on    one    side,   and    the   opposite  arm    is 

^■r  stretched  out  to  endeavour  to  bring  it  back  to  its 

1^^  original  situation.      But  two   pails,   one  hanging 

%^   \  on  each  arm,  are  carried  with  much  greater  &cility, 

'  — '  ■  '       because  they  balance  each  other. 

When  two  bodies  are  fastened  together  by  a  line,  string,  chu'a,  or  any 

power  whatever,  they  are  to  be  considered  os  forming  but  one  bixJy.     Ii 

the  two  bodies  be  of  equal  weight,  the  centre  of  gravity  will  be  in  the 

middle  of  the  line  which  unites  tbem  {fig.  17),  but  if  one  be  heavier 

than  the  other,  the  centra  of  gravity  will  be  proportionably  nearer  the 

heavy  body  than  the  light  one  (fig.  18).     Were  you  to  carry  a  rod  or 

Rg.  17.  Fig.  18. 
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pole  with  an  equal  weight  fastened  at  each  end  of  it.  you  would  hold  it  in 
the  middle  of  the  rod,  in  order  that  the  weightn  should  balance  each  other; 
whilst  if  it  had  unequal  weights  ul  each  end,  you  would  hold  it  nearest 
the  g;reater  weight,  in  order  to  make  them  balance  each  other ;  and  if  one 
were  very  considerably  larger  than  the  other,  the  centre  of  grsvitj  would 
be  ^rown  out  of  the  rod  into  the  heaviest  weight  (_fig.  19), 

Skctiom  III.— On  the  Ueekanicat  Powen. 
Wb  will  now  proceed  to  examioe  the  mechanical  powers.     They  are  six 
in  number,  one  or  more  of  which  enters  into  the  composltioa  of  every 
machine.     The  lever,  the  jmUet/,  the  aheel  and  OjJe,  the  indined plane, 
the  wedge,  and  the  Mcreic. 

In  order  to  understand  the  power  of  a  machine,  there  are  four  things  to 
be  considered.  1st.  The  power  that  acta:  this  consists  in  the  efibrt  of 
men  or  horses,  of  weights,  springs,  steam,  Ac. 

3dly.  The  resistance  which  is  to  l>e  overcome  by  the  power;  this  is 
generally  a  weight  to  be  moved.  The  effect  of  the  power,  acting  in 
the  manner  In  which  in  each  particular  case  it  is  applied,  must  always 
be  superior  to  the  resistance,  otherwise  the  machine  could  not  be  put 
in  motion.  For  instance,  were  the  resistance  of  a  carriage  equal  to 
the  strength  of  the  horses  employed  to  draw  it,  they  would  not  be  able  to 

Sdly.  W«  are  to  consider  (he  centre  of  motion,  or,  as  it  is  termed  in 
mechanics,  the  Jiilcrum,  which  means  a  prop ;  this  is  the  point  about 
which  all  the  parts  of  the  body  move :  and,  iastly,  the  respective  velocities 
of  the  power,  and  of  the  resistance. 

We  shall  first  examine  the  power  of  the  lever.  The  lever  is  an  in- 
flexible rod  or  beam,  that  is  to  say,  one  which  will  not  bend  in  any  direC' 
tion.  For  instance,  the  steel  rod  to  which  a  pair  of  scales  is  suspended  is 
B  lever,  and  the  point  by  which  it  is  suspended,  called  the  prop  ur  fulcrum, 
is  also  the  centre  of  motion.  The  two  parts  of  a  lever  divided  by  the 
fulcrum  are  called  its  arms.  Now,  both  scales  being  empty  they  are  of 
the  same  weight,  and  consequently  balance  each  other  Cfig.  20).  We 
have  stated  that  when  two  bodies  of  equal  weight  were  fastened  togfether 
the  centre  of  gravity  would  be  in  the  middle  of  the  line  that  connected 
them ;  the  centre  of  gravity  of  the  scales  must,  therefore,  be  in  the  middle 
between  them,  as  the  fulcrum  !s,  and,  this  being  supported,  the  scales 
balance  each  other. 

You  recollect,  that  if  a  body  be  suspended  by  that  point  in  which  the 
centre  of  gravity  is  situated,  it  will  remain  at  rest  in  any  position  indif- 
ferently ;  which  is  not  the  case  with  this  pair  of  scales,  for  when  we  hold 
them  inclined,  they  instantly  regain  their  equilibrium  ;  the  reason  of  this 
is,  that  the  centre  of  suspension,  instead  of  exactly  coinciding  with  that 
of  gravity,  is  a  little  above  it;  if,  therefore,  the  equilibrium  of  the  scales 
be  disturbed,  the  centre  of  gravity  moves  in  a  small  circle  round  the 
point  of  suspension,  and  is  therefore  forced  to  rise,  and  the  instant  it  is 
restored  to  liberty  it  descends  and  resumes  its  situation  immediately  below 
the  point  of  suspension,  when  the  equilibrium  is  restored.  It  is  this 
property  which  renders  the  balance  so  accurate  an  instrument  for  weighing 
goods.  If  the  scales  contain  different  weights,  the  centre  of  gravity  will 
be  removed  towards  the  scale  which  is  heaviest,  and  being  no  longer 
supported  the  heaviest  scale  will  descend.  The  fulcrum  of  the  balance 
is  moveable  ;  the  lever  may  be  taken  off  the  prop  and  fastened  on  in 
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J_ 


another  point  which  then  becomes  (he  fulcrnm.  In  this  case  the  equilibrium 
is  destroyed  ;  the  longest  arm  of  the  lever  ia  heaviest  and  descends.  The 
centre  of  gravity  is  not  supported  because  it  is  no  long;er  immediately  beluw 
(he  point  of  suspension ;  but  if  ne  can  bring  the  centre  of  gravity  imme- 
diately below  that  point,  as  it  is  now  situated,  the  Ecales  will  again  balance 
each  other.  Now  if  a  heavy  weig-ht  be  placed  in  the  scale  suspended  (□  the 
shortest  arm  ofthe  lever,  and  a  lighter  one  into  that  suspended  to  the  longest 
arm,  the  equilibrium  will  be  restoTcd.  It  is  not,  therefore,  impracticable  to 
make  a  heavy  body  balance  a  light  one ;  and  by  this  means  an  imposition 
in  the  weight  of  goods  might  be  effected,  as  a  weight  often  or  twelve 
ounces  might  thus  be  made  to  balance  a  pound  of  goods.  An  ingenious 
balance  called  a  steelyard  has  been  invented  on  the  principle  that  a 
weight  increases  in  effect  in  proportion  to  its  distance  fi«m  the  fulcrum. 
In  this  machine  a  single  pound  weight,  for  instance,  answers  the  purpose 
of  weighing  any  quantity  of  goods,  simply  by  moving  it  along  the  lever  ; 
for,  in  proportion  as  it  recedes  from  the  fulcrum,  it  will  balance  five,  ten, 
twenty,  or  perhaps  even  100  lbs.  weight.  The  hook  by  which  the  instru- 
ment is  suspended,  forms  the  fiilcrum  ;  it  is,  forinstance,  two  inches  distant 
from  the  basin  which  is  to  contain  the  articles  to  be  weighed,  while  the 
opposite  arm  of  the  lever  extends  two  feet ;  a  small  weight  is  suspended 
to  it,  and  the  graduations  on  the  lever  indicate  the  different  powers  of 
this  weight  according  to  the  situation  which  it  occupies  on  the  long  arm 
of  the  lever ;  when  pushed  to  the  extremity,  a  weight  of  5lbs.  is  equiva- 
lent to  60  lbs.  placed  in  the  basin.  The  same  steelyard,  when  suspended 
by  a  second  hook,  which  divides  the  lever  with  less  inequality,  aiidcorrc- 
sponda  with  another  scale  of  graduation,  is  used  for  weighing  smaller 
quantities  of  goods,  and  the  same  weight,  when  hung  at  the  extremity, 
may  be  equal  only  to  20  lbs.  placed  in  the  basin. 

Let  us  now  return  to  the  balance  (fy.  22),  and  divesting  it  of  the 
basins,  consider  the  lever  simply.  In  this  state  the  fulcrum  is  no  longer 
in  the  line  of  direction  of  the  centre  of  gravity,  but  it  is  and  must  ever  be 
the  centre  of  motion,  as  it  ia  the  only  point  which  remains  at  rest  while 
the  other  parU  move  about  it.  When  a  lever  is  put  in  motion  the  longest 
arm,  or  acting  part  of  the  lever  must  move  with  greater  velocity  than  the 
shortest  arm,  or  resisting  part  of  the  lever,  because  it  is  furthest  from  the 
centre  of  motion.  When  two  boys  ride  on  a  plank  drawn  over  a  log  of 
wood,  the  plank  becomes  a  lever,  the  log  which  supports  it  the  fulcrum, 
and  the  two  boys  the  power  and  the  resistance  at  each  end  of  the  lever. 
When  the  boys  are  of  equal  weight  the  plank  must  be  supported  in  the 
middle  to  make  the  two  arms  equal ;— if  they  differ  in  weight,  the  plank 
must  be  drawn  over  the  prop  so  as  to  make  the  arms  unequal,  and  (ho 
lightest  boy  be  placed  at  the  extremity  of  the  longest  arm,  in  order  that 
the  greater  velocity  of  his  motion  may  compensate  for  the  superior  gravity 
of  his  companion,  so  as  to  render  their  momentums  equal.  But  we  know 
that  the  action   of  the  power  must  be  greater  than  tlie  resUtauce  in 


xxu  INTRODUCTION  TO  MECHANICS. 

order  to  put  a  machine  in  motion.  For  this  ptir[)Ose  each  boy  at  his 
descent  touches  the  ground  nith  his  feet,  and  the  Eupport  he  receives 
from  it  diminishes  his  weight  and  enables  hie  companion  to  raise  him  ; 
thus  each  bo;  alternately  represents  the  power  and  the  weight,  and  the 
two  arms  alternately  perf(»m  the  function  of  the  scting  and  the  resisting 
part  of  the  lever. 

A  lever,  in  moving,  describes  the  arc  of  a  circle,  for  it  can  move  onl; 

around  the  fulcrum  or  centre  of  motion.     It  would  be  impossible  for  one 

child  to  rise  perpendicularly  to  the  point  A  {fig.  23),  or  for  the  other  to 

Fig.  2S. 


descend  in  a  itraight  line  to  B,  they  each  describe  arcs  of  their  re- 
spective circles  ;  and  you  may  judge  from  the  different  dimensions  of  the 
circle  how  much  greater  tha  velocity  of  the  lilLle  child  must  be  lliaii  that  of 
the  bigger  one.  Enormous  weights  may  be  raised  by  levers  of  lhi<i 
description,  for  the  longer  the  acting  part  of  the  lever  in  comparison  to 
the  resisting  part,  the  greater  is  the  effect  produced  by  it ;  because  the 
greater  is  the  velocity  of  the  power  compared  to  that  of  the  weiglit. 
You  have  seen  a  heavy  snow-ball  rolled  over  (^fig.  34)  by  thrusting  the 
end  of  a  strong  stick  beneath  the  ball,  and  resting  it  against  a  log  of 
Fig.  24.  wood,   or  any  object  which  can  give  it  support, 

near  the  end  in  contact  with  the  Biiow-bali  ?     The 
f       ^  aliclc,  in  thb  case,  is  a  lever;  the  support,  the  prop 

I  ]^^^     Of  fulcrum ;  and  the  nearer  the  latter  is  to  the  re- 

,     V    i-ti^TT  aistance,  the  more  easily  will  the  power  be  able  to 

move  it. 
There  are  three  different  kinds  of  levers :  in  the  first,  which  compre- 
hends the  several  levers  we  have  deycribed,  the  fulcrum  is  between  the 
power  and  the  weight  When  the  fulcrum  is  situated  equally  between  llie 
power  and  the  weight,  as  in  the  balance,  the  power  must  be  greater  than 
the  weight,  in  order  to  move  it ;  for  noihing  can  in  this  case  be  gained 
by  velocity.  The  two  arms  of  Ihe  lever  being  equal,  the  velotiiy  of 
their  extremities  must  be  so  likewise.  The  balance  is  therefore  of  no 
assistance  as  a  mechanical  power,  but  it  is  extremely  useful  to  estimate 
the  respective  weiRhls  ofbodien.  But  when  the  fulcrum  Pof  alever 
{Jig-  25)  is  not  equally  distant  from  the  pnwer  and  the  weight,  and  that 
in  amount,  thougli  greater  in  elfect,the  power  P  acts  at  the  extremity  of  the 
longest  arm,  it  may  be  less  than  the  weight  W,  its  deficiency  being  com- 

DniitzcdoyGoOglC 


INTRODUCTION  TO  MECHANICS. 


penssted  by  its  Buperior  velocity  ;  as  we 
observed  in  the  ue-iato.  Therefore  wl-eii 
I  g^at  weight  is  to  b«  raised,  it  must 
be  fsBtened  to  the  sbortest  arm  of  a  lever, 
and  the  power  applied  to  the  Inneest 
;  but  if  the  case  will  admit  of  putting 
tne  end  of  the  lever  under  the  weight, 
no  fanteninff  will  be  required,  sa  you  may  perceive  by  stirring  the  fire. 
The  poker  is  a  lever  of  the  first  kind  ;  tbe  point  where  it  resta  against  the 
bars  of  the  grate,  whilst  stirring  Uie  fire,  is  the  fulcrum  ;  the  short  arm.  or 
resisting  port  of  the  lever,  is  employed  in  lifting  the  weight,  wbich  is 
the  coals,  and  the  hand  is  the  power  applied  to  the  longest  arm,  or 
acting  part  of  the  lever.  A  pair  of  scissars  is  an  instrument  composed 
of  two  levers,  united  in  one  common  fulcrum  ;  tbe  point  at  which  the  two 
levers  are  screwed  together  is  tlie  fulcrum ;  the  bandies,  to  which  the 
power  of  the  fingers  is  applied,  are  the  extremities  of  the  acting  pert  of 
the  levers,  and  the  cutting  part  of  tbe  scissars  are  the  resisting  parla  of 
the  levers ;  therefore  tha  longer  the  handles,  and  the  shorter  the  points  of 
the  scissars,  the  more  easily  will  Ihey  cut.  Thus  when  pasteboard,  or  any 
hard  substance  is  to  be  cut,  that  part  of  the  tcissari  nearest  the  screw  or 
rivel.  Is  used.  Snuffers,  and  most  kinds  of  pincers,  are  levers  of  a  similar 
description,  the  great  force  of  wbich  consists  in  the  resisting  part  of  the 
lever  being  very  short  in  comparison  of  the  acting  part. 

In  levers  of  the  second  kind,  the  weight,  instead  of  being  at  one  end, 
is  situated  between  the  power  and  the  fiilcrum  {^.  26).  In  moving  it, 
the  velocity  of  the  power  must  necessarily  be  greater  than  that  of  the 
weight,  as  itia  more  distant  than  tbe  centre  of  motion.  Ton  may,  perhaps, 
have  seen  a  anow-baU  moved  by  means  of  a  lever  of  the  second 
order,  as  well  as  by  one  of  the  fint.  The  end  of  the  stick  (^.  27)  that 
M  thrust  under  tbe   baD  rests    on    tbe  ground,  which   becomes  the 

Hg.  26.  Fig.  87. 


^ 


T 


fulcruin  ;  the  ball  la  the  weight  to  be  moved,  and  the  power  the  bands 
applied  to  the  oUier  end  of  the  lever.  In  this  instance  there  is  an 
immense  difference  in  the  length  of  the  arms  of  the  lever,  the  weight  being 
almost  close  to  the  fulcrum,  and  the  advantage  gained  is  proportional. 
Fishermen's  boats  are  thus  raised  from  the  ground  to  be  launched  into 
tbe  sea,  by  means  of  slippery  pieces  of  board,  which  are  thrust  under  the 
keel.  The  most  common  example  that  we  have  of  levers  of  the  second 
kind  is  in  the  doors  of  our  apartments  :  In  these  the  hinges  represent  the 
fulcrum,  the  hand,  tbe  power  applied  to  the  other  end  of  the  lever,  and  the 
door,  or  rather  its  inertia,  is  the  weight  which  occupies  the  whole  of  the 
space  between  the  power  and  the  fulcrum.  The  whole  weight  and  inertia 
of  Ihe  door  may  be  re^irded  as  collected  into  its  centre  of  graviw ;  that 
is  to  say,  the  resistance  of  the  door  is  the  same  that  would  be  offered  by 
a  force  equal  to  tbe  inertia  of  the  door,  and  passing  through  its  centre 
of  gravity.    Another  very  common  Iiulance  is  found  in  an  oar ;  the  blade 
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ifi  kept  in  the  Bame  place  by  the  reslslance  of  the  water,  and  beenmes  the 
fulcnim  ;  the  resistance  is  applied  where  the  oar  passes  over  llie  side  of 
the  boat,  and  the  hands  ut  the  handle  are  the  power.  Nut-cruckers  are 
double  levers  of  this  kind:  (he  hinge  is  the  fulcrum,  the  nutthe  resist- 
ance, and  the  hands  the  power. 

In  levers  of  the  third  kin<l  (f.g.   28),  the  fulcrum  is  also  at  one  of  the 

entretnities,  the  weight  or  resistance  at  the  other,  and  it  is  now  the  power 

p.    „„  which    is   applied    between  the  fulcrum 

°'  and  the    resistance.     Thus  the   fulcrum, 

^- — '  the  welffht,  and  the  power,    each  in    its 

»  ^s£-  ''  turn,   occupies   some  part  of  the  middle 

y  .  ■■!  1.1' I.    J  I        of  the  lever  t>etween  its  citremities.     But 

I  in  this  third  kind  of  lever,  the  weight  being 
'  ^  further  from  the  centre  of  motion  than  the 
"^v  power,  the  difficulty  of  raising  it,  instead  of 
being  diminished,  is  increased.  Levers  of  this  description  are  used  when 
the  object  is  to  produce  great  velocity.  The  aim  of  mechanics,  in  general, 
is  to  gain  force  by  exchanging  it  for  time  ;  but  it  is  sometimes  desirable 
to  produce  great  velocity  by  an  expenditure  of  force.  The  treddle  of  a 
common  turning  lathe  affords  an  example  of  a  lever  of  the  third  kind 
employed  in  gaining  time,  or  velocity,  at  the  expense  of  force.  A  man, 
in  raising  a  long  ladder  perpendicularly  against  a  wail,  cannot  place  his 
hands  on  the  upper  part  of  the  ladder :  the  power,  therefore,  is  neces- 
sarily placed  nearer  the  fulcrum  than  the  weight,  for  the  hands  are  the 
power,  the  ground  the  fulcrum,  snd  the  ladder  the  weight,  which,  as  in 
the  case  of  the  door,  may  be  considered  as  collected  in  the  centre  of 
gravity  of  the  ladder,  about  half  way  up  it,  and  consequently  beyond  the 
point  where  the  hands  are  applied.  Nature  employs  this  kind  of  lever 
in  the  structure  of  the  human  frame.  In  lifting  a  weight  with  the  hand, 
the  lower  part  of  the  arm  becomes  a  lever  of  the  third  kind  :  the  elbow 
is  (he  (Ulcrum ;  the  muscles  which  move  the  arm,  the  power ;  and  as 
these  are  nearer  (o  the  elbow  than  the  hand  is,  it  is  necessary  (hat  their 
priwer  should  enceed  the  weight  to  be  rEiised. 

Yon  may  perhaps  wonder  that  nature  should  have  furnished  us  wi(h 
such  levers,  but  the  disadvantage  is  more  Ihan  compensated  by  the  con- 
venience resulting  from  (he  structure  of  the  arm.  I(  is  of  more  conse- 
quence that  VIC  sliDuld  be  able  to  move  our  limbs  nimhiy,  than  that  we 
should  be  able  to  overcome  great  resistance ;  for  it  is  comparatively 
seldom  thut  we  meet  with  great  obstacles,  and  when  we  do,  they  can  be 
overcome  by  art.  Besides,  the  Creator  has  endowed  the  muscular  fibres 
with  prodigious  strength,  so  that,  upon  the  whole,  this  kind  of  lever  is 
best  adapted  to  enable  the  arm  to  perform  its  various  functions. 

The  pulley,  which  is  the  second  mechanical  power  we   are  to  examine,  is 

a   circular  flat  piece   of  wood  or   metal,  with  a   string 

Fig'.  29.  running  in  a  groove  round  it,  by  means  of  which  a 

i~  ■       weight  may  be   pulled  up.     Thus  pulleys  are  used  for 

^n   Fx        .    drawing  up  curtains,  the  sails  of  a  ship,  &c.     When, 

J      LI     \  as  in  the  examples  alluded  (o,   the  puitcy  is  fited,  it 

"T^     **       "^        does  not  increase  the  power  (o  raice  the  weight.     If  P 

\,,„____^  represent  tlie  power,  to  raise  the  weight  W  (Jig-  29), 

I  it  is  evident  that  the  power  must  be  grenter  (han  tlic 

•P^%  C^      weight,  in  order  to  move  it.     A  fixed  pulley  is  useful, 

\9  \9       therefore,  only  in  altering  the  direction  of  the  powpr, 

and    its   most    frequent  -practical   application    is    (o 

make  us    to  draw    up  a  weight    by  drawing    down    the   Blrinn;   cou- 
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neded  with  the  pulley.  But  a  moveable  pulley  aObrcts  mechoDicat  as- 
sistance  (_fig.  30).  The  hand  nrhich  sustains  the  cask  by  means  of  the 
cord  D  E  going  over  the  moveable  pulley,  does  it  more  easily  than  it 
it  held  the  cask  suspended  to  a  cord  without  a  pulley ;  for  tlie  fixed 
hook  H,  to  which  one  end  of  the  cord  fs  fastened,  bearing  one  half  of 
the  weight  of  the  cask,  the  hand  has  only  the  other  half  to  suslain. 
Now  it  is  evident,  that  the  hook  affinils  the  same  assistance  in 
raising  as  in  sustaining  the  cask,  so  that  the  hand  will  have  only  one  half 
of  the  weight  to  raise.  But  observe  that  the  veloaty  of  the  hand  must  be 
double  that  of  the  cask ;  for  in  order  to  raise  the  latter 
one  inch,  the  hand  must  draw  the  two  strings  (or  rather 
the  two  parts  D  and  E  into  which  the  string  is  divided  by 
the  pulley)  one  inch  each ;  the  whole  string  beiug 
shortened  two  inches,  while  the  cask  is  raised  only  one 
Thus  the  advantage  of  a  .moveable  pulley  consists  in 
dividing  the  difBculty ;  twice  the  length  of  string  it  is 
true  must  be  drawn,  but  only  half  the  strengh  is  required 
which  would  be  necessary  to  raise  the  weight  without  such 
assistance  ;  so  that  the  difBculty  is  overcome  in  the  same 
manner  as  it  would  be  by  dividing  the  weight  into  Ino 
equal  parts,  aud  raising  them  successively.  The  pulley, 
therefore,  acts  on  the  same  principle  as  the  lever,  the  de- 
ficiency of  strength  of  the  power  being  compensated  by 
its  superior  velocity ;  and  it  is  on  this  principle  that  all 
mechanical  power  is  founded.  In  the  fixed  pulley  i_fig, 
29)  the  line  A  C  may  be  considered  as  a  lever,  snd  B  the 
fiilcnim;  then  the  two  arms  A  Band  BC  being  equal,  the  lever  will 
aObrd  no  aid  as  a  mechanical  power;  nnce  the  power  must  be  equal  to 
the  weight  in  order  to  balance  it,  and  superior  to  the  weight  in  onJer  to 
ruse  it.  In  the  moveable  pulley  ifig-  SO)  you  must  consider  the  point 
A  as  the  fulcrum  ;  A  B  or  half  the  diameter  of  the  pulley  as  the  shortest 
ann ;  and  A  C  or  the  whole  diameter  as  the  longest  arm.  It  may, 
perhaps,  be  objected  to  pulleys  that  a  longer  time  is  required  to  raise  a 
weight  whh  their  aid  than  without  it :  that  is  true,  for  it  is  a  fundamental 
law  in  mechanics,  that  what  is  gained  in  power  is  lost  in  time :  thia 
applies  not  only  to  Sie  pulley  but  lo  the  lever  and  all  the 
other  mechanical  powers.  It  would  be  wrong,  however,  (o 
suppose  that  the  loss  was  equivalent  to  the  gain,  and  that 
we  derived  no  advantage  from  the  mechanical  powers ;  for 
since  we  are  incapable  of  augmenting  our  strength,  that 
science  is  of  wonderful  utility  which  enables  us  to  reduce  the 
resistance  or  weight  of  any  body  to  the  level  of  our  strength. 
This  we  accomplish,  by  dividing  the  resistance  of  a  body 
into  parts  which  we  can  successively  overcome ;  and  if  it 
require  a  Eacri6ce  of  time  to  attain  this  end,  you  must  be 
sensible  how  very  advantageously  it  is  exchanged  for  power. 
The  greater  the  Dumber  of  pulleys  connected  by  a  string, 
the  more  easily  the  weight  is  raised,  sa  the  difficulty  is 
divided  amongst  the  number  of  strings,  or  rather  of  parte 
into  which  the  striug  is  divided  by  the  pulleys.  Several 
pulleys  thus  connected  form  what  is  called  a  system,  or 
tackle  of  pulleys  (^.  SI),  You  may  have  seen  them  sus- 
pended from  cranes  to  raise  goods  into  warehouses,  and  in 
bC:ips  to  draw  up  the  sails.  Here  both  the  advantages  of 
an  inc^ase  of  power  and  a  change  of  direction  ere  united ; 


Fig,  31. 
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for  the  sails  are  raised  up  tlie  masts  b;  the  sailors  on  deck  from  the 
change  of  dirfclion  which  (he  pulley  effects ;  and  the  labour  is  faci- 
litated by  the  mechanical  power  of  a  combination  of  pulleys.  Piillies 
are  frequently  connected,  as  described  in^.  33,  both  for  nautical  and 
a  variety  of  other  purposes;  but  in  whatever  manner  pulleys  are  con- 
nected by  a  single  string  the  mechanical  power  is  the  same  in  its 
principle. 

The  third  mechanical  power  is  the  wheel  and  axle.  Let  us  suppo.oe 
ifig.  33)  the  weight  W  to  be  a  bucket  of  water  in  a  well,  which  is  to  be 
raised  by  winding  the  rope,  to  which  it  ts  attached,  round  the  axle  :  if  this 


be  done  without  a  wheel  to  turn  the  ule,  no  meclianical  assistance  Ja 
received.  The  axle  without  a  wheel  is  as  Impotent  as  a  single  fixed 
pulley,  or  a  lever,  whose  fulcrum  is  in  the  centre ;  but  add  the  wheel  to 
the  axle,  and  you  will  immediately  And  the  bucket  is  raised  with  much 
less  difficulty.  The  ftxle  acts  the  part  of  the  shorter  arm  of  the  lever,  the 
wheel  that  of  the  longer  arm.  The  velocity  of  the  circumference  of  the 
wheel  is  as  much  greater  than  that  of  the  axle,  as  it  is  further  from  the 
centre  of  motion  ;  for  the  wheel  describes  a  large  circle  in  the  same  space 
j^,  Sf^  of  time  that  the  axle  describes  a  small 

one,  therefore  the  power  is  increased 
in  the  same  proportion  aa  the  circum- 
ference of  (he  wheel  is  greater  than 
that  ofthe  axle.  Ifthe  velocity  of  the 
wheel  were  twelve  times  greater  than 
that  of  the  axle,  a  power  nearly  twelve 
times  less  than  the  weight  of  the  bucket 
would  be  able  to  raise  iL  Instead 
of  B.  wheel  there  is  commonly  attached 
to  the  axle  only  a  crooked  handle, 
which  answers  the  same  purpose 
0%:.  34).  For  the  branch  ofthe  handle 
A,  which  is  united  to  the  axle,  repre- 
sents the  spoke  of  a  wheel,  and  is  ns 
efTectuat  as  an  entire  wheel;  (he  other  branch,  B,  a&brds  no  mechanical 
aid,  merely  serving  as  a  handle  to  turn  the  wheel.     Wheels  are  a  -very 
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tsHntial  part  of  most  machines.  They  are  employed  in  variouR  nays  ; 
but,  when  fixed  to  the  &x1e,  their  mechanical  power  is  always  the  same; 
that  is,  as  the  Gircuinrerence  of  the  wheel  exceeds  that  of  the  axle,  so 
much  will  the  energy  of  the  power  be  increaHed.  In  mill*  and 
roanufactureB,  you  must  have  admired  the  immeiiBe  wheel,  the  revo- 
lution of  which  puts  the  whole  of  the  machinery  into  motion  ;  and  though 
BO  great  an  effect  is  produced  by  it,  a  hone  or  two  has  suflicient  power  to 
turn  it ;  but  a  steam-engine  is  both  the  most  powerful  and  the  most  convex 
nieiit  mode  of  turning  the  wheel.  We  have  the  advantage  sometimes  of  a 
gratuitous  force,  such  as  the  stream  of  water  to  turn  a  watermlll ;  and  the 
wind  which  turns  the  vanes  of  a  windmill.  One  of  the  great  beneflls 
resulting  from  the  use  of  machinery  is,  that  it  gives  us  a  sort  of  empire 
over  the  powers  of  nature,  and  enables  us  to  make  them  perform  that 
labour  which  would  otherwise  full  to  the  lot  of  man.  When  a  current  of 
wind,  a  stream  of  water,  or  the  expansive  force  of  steam  performs  our  task, 
we  have  only  to  superintend  and  regulate  their  operations. 

Tile  fourth  mechanical  power  is  the  inclined  plane.  This  is  nothing 
more  than  a  slope,  or  declivity,  frequently  used  to  facilitate  the  drawing 
up  of  weights.  It  is  not  difficult  to  understand,  that  a  weight  may  with 
much  greater  ease  be  drawn  up  a  slope  than  it  can  be  raised  the  same 
height  perpendicularly.  But  In  this,  as  well  as  the  other  mechanical 
powers,  the  facility  is  purchaseil  by  a  loss  of  time  (Jig.  35)  ;  for  the  weight, 
instead  of  moving  directly  from  A  to  C,  must  move  from  B  to  C,  and  as 
the  height  of  the  plane  is  to  its  length,  so  much  is  the  resistance  of  the 
weight  diminished.  Thus,  if  a  pulley  be  fixed  at  F,  so  that  the  string 
from  F  to  W  may  be  parallel  to  B  C,  and  a  string  fixed  to  the  weight 
W  were  connected  with  another  weight  P ;  then  if  F  bear  (he  same  pro- 
portion to  W  that  the  line  A  C  does  to  the  line  B  C,  the  two  weights 
will  balance  each  other,  a  considerable  portion  of  the  weight  W  being 
supported  by  the  plane  B  C,  and  only  the  residue  by  the  power  P. 

The  wedge,  which  is  the  nest  mecbaoical  power,  is  composed  of  two 
Inclined  planes  {^g.  86)  :  you  may  have  seen  woodcutters  use  it  to 
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cleave  wood.  The  resiatonce  consists  in  the  cohesive  attraction  of  the 
wood,  or  any  other  body  which  the  wedge  is  employed  to  separaie;  and 
the  advantai^e  gained  by  tliis  power  is  in  the  proportion  of  lialf  its 
width  to  its  length.  The  wedge,  however,  acts  principally  by  being  struck, 
and  not  by  mere  pressure  :  the  proportion  stated  is  that  which  expresses 
its  power  when  acting  by  pressure  only. 

All  cutting  instruments  are  constructed  upon  the  principle  of  the  in- 
clined plane,  or  the  wedge.  Those  that  have  but  one  eA^t  sloped,  like 
the  chisel,  may  be  referred  to  the  inclined  plane;  whilst  the  axe.  tlie 
hatchet,  and  the  knife  (when  used  to  chop  or  split  asunder),  act  on  the 
principle  of  the  wedge.  But  a.knife  cuts  best  when  drawn  across  the 
substance  it  is  to  divide,  as  it  is  useU  in  cutting  meat,  for  the  edg;e  of  a 
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knife  is  really  a  very  fine  saw,  and  therefore  acts  best  when  used  like  that 
inalmmenL 

The  screw,  wbicb  is  the  last  mechanical  power,  is  more  complicated 
than  the  others  (^jig.  37).  It  is  composed  of  two  parts,  the  screw  and 
the  nut.  The  screw  S  is  a  cjlinder,  with  »  spiral  protuberance  coiled 
round  it,  called  the  thread  ;  the  nut  N  is  perforated  to  contain  the  screw ; 
and  the  inside  of  the  nut  has  a  spiral  groove,  made  to  fit  the  spiral  thread 
of  the  screw  ;  just  like  the  lid  of  a  box  which  screws  on.  The  handle 
which  projects  from  the  nut  is  a  lever,  without  which  the  screw  is  never 
used  as  a  mechanical  power.  The  nut,  with  a  lever  L  attached  to  it,  is 
commonly  called  a  winch.  The  power  of  the  screw,  complicated  as  it 
appears,  is  referable  to  one  of  the  most  simple  of  the  mechanical  powers, 
the  inclined  plane.  If  a  slip  of  paper  be  cut  in  the  form  of  an  inclined 
plane,  and  wound  round  a  pencil,  which  will  represent  the  cylinder,  it 
will  describe  a  spiral  line  corresponding  to  the  spiral  protuberance  of  (he 
screw  (Jig.  38).  The  nut  then  ascends  an  inclined  plane,  but  ascends  it 
in  a  spiral  instead  of  a  straight  line.     The  closer  the  thread  of  the  screw 
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the  more  easy  is  the  ascent,  but  the  greater  are  the  number  of  revolutions 
the  winch  must  make  ;  so  that  we  return  to  the  old  principle, — what  is 
saved  in  power,  is  lost  in  time.  The  power  of  the  screw  may  be  increased, 
also,  by  lengthening  the  lever  attached  to  the  nut ;  it  is  employed  either 
for  compression  or  to  raise  heavy  weights.  It  is  used  in  cider  and  wine 
presses,  in  coining,  book-binding,  and  for  a  variety  of  other  purposes. 

Ail  machines  are  composed  of  one  or  more  of  tJie  sis  mechanical  powers 
we  have  examined.  One  more  remark  must  be  made  relative  to 
them,  which  is,  that  friction  in  a  considerable  degree  diminishes  their 
force.  Friction  is  (he  resistance  which  bodies  meet  with  in  rubbing 
against  each  other.  There  is  no  such  thing  as  perfect  smoothness  or 
evenness  in  nature.  Polished  metals,  though  they  wear  (hat  appearance, 
more  than  any  other  bodies,  are  far  from  reaHy  possessing  it ;  and  their 
inequalilies  may  frequently  be  perceived  through  a  good  magnifying  glass. 
When,  therefore,  the  surfaces  of  the  two  bodies  come  into  contact,  the  pro- 
minentpatts  of  the  one  will  often  fall  into  the  hollow  parts  of  the  other,  end 
occasion  more  or  less  resistance  to  motion.  In  propor(ion  as  (he  surfaces 
of  bodies  are  well  polished,  the  fric(ion  is  diminished  ;  but  it  is  always 
considerable,  and  it  is  usually  computed  to  destroy  one-third  of  the  power 
of  a  machine.  Oil  or  grease  is  used  to  lessen  friciion  :  it  acts  as  a  polish 
by  filling  up  the  cavities  of  the  rubbing  surfaces,  and  thus  making  them 
slide  mor«  easily  over  each  other.  It  is  for  this  reason  that  wheel  are 
greased,  and  the  locks  and  hinges  of  doors  oiled.     In  these  instances  tM 
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contact  of  the  rubbing  aurfacesis  so  close,  and  the  rubbing  so  continual, 
Ibat,  notmthstanding  their  being  polished  and  oiled,  a  coasiderable  degree 
of  friction  ia  produced.  It  is  a  remarkable  circumstance,  that  there  is 
generall;  less  friction  between  two  bodies  of  different  substances,  than  of 
the  same.  It  is  on  this  account  that  the  holes  in  which  tbe  spindles  of 
watches  work,  are  frequentl;  made  of  jewels ;  and  that  when  two  cog- 
whceb  work  in  one  another,  the  cogs  of  the  one  are  geuerally  made  of 
wood,  and  of  the  other  of  metal. 

There  are  two  kinds  of  friction ;  the  one  occasioned  by  the  sliding 
of  the  flat  surface  of  a  body,  the  other  by  Uie  rolling  of  a  drcular 
body.  The  fnction  resulting  from  the  first  u  much  the  most  consi- 
derable ;  for  great  force  is  required  to  enable  the  sliding  body  to  over- 
come the  resistance  which  the  asperities  of  the  surfaces  in  contact  op- 
pose to  its  motion,  and  it  must  be  either  lifted  over,  or  break  through 
tliem  ;  whilst,  in  the  other  bind,  the  friction  ia  transferred  lo  a  smaller 
sur&ce,  and  the  rou^  parts  rdl  over  each  other  with  comparative  facility ; 
hence  it  is,  that  wheels  are  often  used  for  the  sole  purpose  of  diminishing 
the  resistance  of  friction.  When,  in  descending  a  steep  hill,  we  fasten 
one  of  the  wheels,  we  decrease  the  velocity  of  the  carriage  by  increasing 
the  frictjoi:,  liiMt  is  to  say,  hj  converting  the  rolling  friction  of  one  of 
the  wheels  into  the  dragging  friction ;  and  when  casters  are  put  to  the 
legs  of  a  table  the  dragging  is  converted  into  the  rolling  friction. 

The  great  fly-wheel  which  is  frequently  attached  to  steam-engines  and 
other  large  machines,  acts  in  the  first  instance  as  a  heavy  weight  to  im- 
pede their  free  uncontrolled  motion.  However  paradoxical  this  mode  of 
improving  machinery  may  appear,  it  is  nerertheless  of  great  advantage. 
The  motion  of  a  machine  is  always  more  or  less  variable,  owing  to  the 
irregularity  both  of  the  power  which  works  it,  and  of  the  resistance  whicJi 
it  lias  to  overcome.  Whether  the  power  consists  in  wind,  vrater,  steam,  or 
the  strength  of  animals,  it  cannot  be  made  to  act  with  perfect  regularity, 
nor  can  £e  work  which  the  machine  has  to  perform  be  always  uniforni. 
Yet  in  manufactures,  and  most  cases  in  which  machinery  is  employed, 
uniformity  of  action  is  essentially  requisite,  both  in  order  to  prevent  injury 
lo  the  machine,  and  imperfection  in  the  work  performed.  A  fly-wheel, 
which  is  a  large  heavy  wheel  attached  to  the  axis  of  one  of  the  principol 
wheels  of  the  machinery,  answers  this  purpose,  by  regulating  the  action 
of  the  machine :  by  its  weight  it  diminishes  the  effect  uf  increased  action, 
and  by  its  merlia  it  carries  on  the  machine  with  uniform  velocity  wheu  the 
power  transiently  slackens ;  tiius  hy  either  checking  or  impelling  the 
action  of  the  machine,  it  regulates  its  motion  so  as  to  render  it  tolerably 
uniform. 

There  Is  another  circumstance  which  we  have  already  noticed  as 
diminisliing  the  motion  of  bodies,  and  which  greatly  atfects  the  power  of 
machines :  this  is  the  resistance  of  the  medium  in  which  a  machine  is 
worked.  All  fluids,  whether  of  (he  nature  of  air,  or  of  water,  are  called 
mediums ;  and  their  resistance  is  generally  proportioned  to  their  density : 
for  the  more  matter  a  body  contains,  the  greater  the  resistance  it  will 
of^se  to  the  motion  of  another  body  striking  against  it  It  is  therefore 
more  difficult  to  work  a  machine  under  water  than  in  the  air.  If  a  machine 
could  be  worked  in  vacuo,  and  without  fnction,  it  would  be  perfect ;  hut 
this  is  unattainable.  A  considerable  reduction  of  power  must,  therefurct 
be  Bliowed  Air  the  resistaQce  of  the  air. 
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Section  I. — The  Eartk't  Jnnval  Motion. 

In  alteniptingr  to  give  some  general  notions  on  satTODomy,  we  ih*!!  not 
hegin  by  entering  into  an  explanation  of  the  aystem  of  the  celestial  bodies, 
but  select  that  portion  which  is  most  interesting  to  us,  the  earth ;  and  when 
you  have  formed  a  distinct  idea  of  the  part  which  it  performs  in  the 
general  system,  lead  you  from  thence  to  form  some  conception  of  the 
grandeur  and  immensity  of  the  universe.  Let  us  suppose  the  earth  at  its 
— .  creation  to  have  been  projecleil 

*•  forwards  into  uniTcraal  space. 

We  know  that  If  no  obstacle 
Impeded  its  course  It  wonld 
proceed  in  the  same  direction, 
and  with  a  uniform  velocity  for 
ever.  In  fig.  1,  A  represents 
the  earth,  and  S  the  sun.  We 
shall  suppose  the  earth  to  be 
arrived  at  the  point  in  which  it 
is  represented  In  the  figure, 
having  a  velocity  which  would 
carry  U  on  to  B  in  the  space  of 
one  month  ;  whilst  the  sun's  at- 
traction would  bring  it  to  C 
in  the  same  space  of  time.  According  to  the  laws  of  motion  you  would 
conclude  that  the  earth  would  move  in  the  diagonal  A  D  of  the  paral- 
lelogram A  B  D  C  as  a  ball  acted  on  by  two  forces  will  do.  But  it 
must  be  observed  thst  the  force  of  attraction  is  continually  acting  upon 
our  terreslial  ball,  and  producing  an  incessant  deviation  from  its  course 
in  a  right  line,  which  converts  it  into  that  of  a  curve  line ;  every  point  of 
which  may  be  considered  as  constituting  the  diagonal  of  an  infinitely 
small  parallelogram. 

Let  us  detain  the  earth  a  moment  at  the  point  D.  and  consider  how  it 
will  be  affected  by  the  combined  action  of  the  two  forces  in  its  new 
situation.  It  still  retains  its  tendency  to  fly  olT  in  a  straight  line  ;  but  a 
straight  line  would  now  carry  It  away  to  F,  whilst  the  sun  would  attract  it 
in  the  direction  D  S.  In  order  to  know  exactly  what  course  the  earth 
will  follow,  another  paralieiogram  must  be  drawn  in  the  same  manner  as 
the  first ;  the  line  D  F  describing  the  force  of  projection,  and  the  line 
D  S  that  of  attraction  ;  and  you  will  find  that  the  earth  will  proceed  in  the 
curve  line  D  G  drawn  in  the  parallelogram  D  F  Q  E  :  and  if  we  go  on 
throughout  the  whole  of  the  circle  drawing  a  line  from  the  earth  to  the 
sun  to  npresent  the  force  of  attraction,  and  another  at  a  right  angle  to 
ft,  to  describe  that  of  pr<^ection,  we  shall  find  that  the  earth  will  proceed 
in  a  curve  line  passing  through  similar  parallelograms  till  it  baa  com* 
pleted  the  whole  of  the  circle.  It  will  then  recommence  a  course,  which  it 
has  pursued  ever  since  it  first  issued  from  the  hand  of  its  Creator,  and 
which  there  is  every  reason  to  suppose  it  will  continue  to  follow  as  long 
as  It  remains  in  existence.  It  affords  an  example,  on  a  magnificent  scale, 
ofUie  circular  motion  which  was  taught  in  mechanics.    The  attraction  of 
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the  8un  fs  the  centripetal  force,  which  confineB  the  earth  to  a  centre  ;  and 
the  impulte  of  projection  the  force  which  impels  the  earth  to  quit  the  sun 
and  fly  off  in  a  tanj^nt,  and  which,  tberefbre,  by  the  inertia  of  the  body, 
produce!  the  centrifugal  force. 

A  simple  mode  of  illustrating  ibe  effect  of  these  combined  forces  on  the 
earth  is  to  ctit  a  slip  of  card  in  the  form  of 
a  right  angle  (Jig-  2),  to  describe  a  small  circle 
at  the  anguliv  point  representing  the  earlb, 
snd  lo  fasten  the  extremity  of  one  of  the  legs  of 
the  an^le  to  a  fixed  point,  which  we  shall  con- 
sider u  the  sun.  Thus  situated,  the  lines 
forming  the  angle  will  represent  both  the  forces  j 
which  act  upon  the  earth  ;  and  if  jou  draw  it  I 
round  tlie  fixed  point,  you  will  see  how  the  di- 
rection of  the  force  which  opposes  the  centri- 
petal force  varies,  constantly  forming  a  tangent 
to  the  circle  in  which  the  earth  moves,  as  it 
is  constantly  at  a  right  angle  with  the  centri- 
petal force.  You  wiU  naturally  conclude  (hat  If  the  two  forces  which 
produce  this  circular  motion  had  not  been  so  accurately  adjusted, 
one  would  ultimately  have  prevailed  over  the  other,  and  we  should 
either  have  ftpprosched  so  near  the  sun  as  to  have  been  burnt,  or 
have  receded  so  far  from  it  as  to  have  been  frozen.  But  we  have  de- 
scribed the  earth  as  moving  in  a  circle,  merely  to  render  the  explanation 
more  simple,  for  in  reality  these  two  forces  are  not  so  proportioned  ss  (o 
produce  circular  motion  ;  and  the  earth's  orbit,  or  path  which  it  describes 
round  the  sun,  is  not  circular  but  elliptical  or  oval. 

Let  us  suppose  that  when  the  earth  is  at  A  (fig,  3)  its  projectile  force 


Fig.  3. 


does  not  give  it  a  velocity  sufficient 
to  counterbalance  that  of  gravity,  so 
as  to  enable  these  powers  conjointly 
to  carry  it  round  the  sun  in  a  circle ; 
the  earth  Instead  of  describing  the 
line  A  C,  as  in  the  former  figure, 
will  approach  nearer  the  sun  in  the 
line  A  B.  Under  these  circum- 
stances, It  wilt  be  asked  what  is  to 
prevent  our  approaching  nearer  nnd 
nearer  the  sun  till  we  fall  into  it ;  for 
its  attraction  increases  as  we  advance 
towards  it.  There  also  seems  to  be 
another  danger.  As  the  eaKh  ap- 
proaches the  sun,  the  direction  of  its 
motion  is  no  longer  perpendicular  to 
that  of  attraction,  but  inclines  more      '  ' 

nearly  to  it.  When  the  earth  reaches  that  part  of  its  orbit  at  B,  the 
force  of  projection  would  carry  it  to  D,  which  brings  it  nearer  the 
sun  instead  of  bearing  it  away  from -it;  so  that  being  driven  bj 
one  power,  and  drawn  by  the  other  towards  this  centre  of  destruc- 
tion. It  would  seem  impossible  for  us  to  escape.  But  nature  abounds  In 
resources.  The  earth  continues  approaching  the  sun  with  an  accelerated 
motion,  till  it  reaches  the  point  E :  the  projectile  force  now  impels  it 
in  the  direction  G  F.  Here  then  the  two  forces  act  perpendicularly 
to  each  other,  aod  the  earth  is  situated  as  io  the  ^ireccding  figure,  yet  it 
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will  not  revolT«  rouad  the  snn  in  a  circle  for  the  following  reason,  Th* 
centdfugal  force  iocreaaes  with  the  velocity  of  the  body,  or  in  other  words, 
the  quicker  it  movea  the  stronger  is  its  tendency  to  fly  off  in  a  right  line. 
When  the  earth  arriveB  at  E,  its  accelerated  inotion  will  have  so  far 
increased  its  velocity  and  consequently  its  centrifugal  forcei  that  the  latter 
will  prevail  over  the  force  of  attraction,  and  drag  the  earth  away  from 
the  sun  till  it  reaches  G.  It  is  thus  that  we  escape  from  the  dangerous 
vicinity  of  the  sun  ;  and  as  we  recede  from  it,  both  the  force  of  its  attra[^- 
tion,  and  the  velocity  of  the  earth's  motion  diminish.  From  G  the  direc- 
tion  of  projection  is  towards  H,  that  of  attraction  towards  S,  and  the 
earth  proceeds  between  them  with  a  retarded  motion,  till  it  has  com- 
pleted its  revolution.  Thus  the  earth  travels  round  the  sun,  not  in  a 
circle,  but  an  ellipsis,  of  which  the  sun  occupies  one  of  the  foci  j  and  in 
its  course  the  earth  alternately  approaches  and  recedes  from  it,  so  that 
what  at  first  appeared  to  be  a  dangerous  irregularity,  is  the  means  by 
which  the  moat  perfect  order  and  harmony  are  produced.  The  earth 
then  travels  on  at  a  very  unequal  rate,  its  velocity  being  accelerated  as  it 
approaches  the  sun,  and  retarded  as  it  recedes  from  it. 

Now  it  is  mathematically  demonstrable,  that  when  a  body  moves  round 


Fig.  4. 


a  point  towsrds  which  it  is  attracted,  the  a 
included  between  the  line  it  describes  and  the 
lines  joining  its  place  at  different  instants  to 
the  attracting  point,  are  equal  in  equal  times. 
The  whole  of  the  space  contained  within  the 
earth's  orbit  is  (j{f .  4),  divided  into  a  number 
of  areas,  or  spaces,  1,  2,  3,  4,  &c.,  all  of  which 
are  of  equal  dimensions,  though  of  very  diSer- 
i  ent  forms ;  some  of  them  are  long  and  nar- 
',  others  broad  and  short;  but  they  each 
of  them  contain  an  equal  quantity  of  space. 
An  imaginary  line  drawn  from  the  centre  of 
the  ear£  to  that  of  the  sun,  and  keeping  pace 
with  the  earth  in  its  revolution,  passes  over 
equal  areas  in  equal  times :  that  is  to  say,  if  it 
is  a  month  going  from  A  to  B,  it  will  be  a  month  going  from  D  to  C, 
and  another  from  C  to  E,  and  bo  on. 

The  inequality  is  not  in  fact  so  conuderable  as  appears  in  figure  4  ;  for 
the  earth's  orbit  is  not  so  eccentric  as  it  is  there  described ;  and,  in  reality, 
differs  but  little  from  a  circle.  That  part  of  the  earth's  orbit  nearest  the 
sun  is  called  its  perihelion,  that  part  most  distant  from  the  sun  its  aphelion ; 
and  the  earth  is  about  three  milliona  of  miles  nearer  the  sun  at  its  peri- 
helion than  at  its  aphelion.  You  will  learn  with  surprise  that  during  the 
height  of  our  summer,  the  earth  is  in  that  part  of  its  orbit  which  is  most 
distant  from  the  sun,  and  it  is  during  the  severity  of  winter  that  it 
approaches  nearest  to  it.  The  difference,  however,  of  the  earth's  distance 
Ci^m  the  sun  in  summer  and  winter,  when  compared  with  its  total  distance 
from  the  sun,  is  but  inconsiderablei  for  three  millions  of  miles  sinks  into 
insignificance  in  comparison  of  95  millions  of  miles,  which  is  our  mean 
distance  from  the  sun.  The  change  of  temperature,  arising  from  this 
difference,  would  in  itself  scarcely  be  sensible,  and  it  \»  completely  over^ 
powered  by  other  causes  which  produce  the  variations  of  the  seasonn ;  but 
the  eiplanation  of  these  must  be  deferred  till  we  have  made  some  further 
observations  on  the  heavenly  bodies.  Since  the  earth  moves  with  greatest 
velocity  in  that  part  of  Its  orhit  nearcBl  the  sun,  it  must  complete  it* 
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journey  through  one  half  of  ila  orbit  in  a  shorter  time  than  through  th« 
other  half;  and  in  fact,  it  is  about  seven  days  longer  performing  our 
summer  half  of  ita  orbit  than  the  winter  half.  The  planets  are  celestial 
bodies  which  revolve  round  the  sun,  on  the  same  principle,  aud  they  are 
supposed  to  resemble  the  earth  also  in  many  other  respects  ;  and  we  arc 
led  by  analog  to  consider  them  as  inhabited  worlds. 

Some  of  the  plunets  are  proved  to  be  larger  than  the  earth :  it  is  only 
their  immense  distance  from  us  which  renders  their  apparent  dimensions 
so  small.  Now,  if  we  consider  them  aa  enormous  globes,  instead  of 
small  twinkling  spots,  we  shall  lind  it  most  consistent  with  our  ideas  of 
the  Divine  wisdom  and  beneficence,  to  suppose  that  these  celestial  bodies 
should  be  created  for  the  habitation  of  beings,  who  are,  like  us,  blessed 
by  His  providence.  Hence,  in  a  moral,  as  well  as  a  physical  point  of  view, 
it  is  most  rational  to  consider  the  planets  as  worlds  revolving-  round  the 
sun ;  and  the  fixed  stars  as  other  suns,  each  of  them  probably  attended 
by  its  system  of  planets,  to  which  they  respectively  impart  their  in- 
fluence. Our  telescopes  are  brought  to  such  a  degree  of  perfection, 
lliut  from  the  appearances  which  the  moon  exhibits  when  seen  through 
them,  we  have  probable  reason  to  conclude  Ihat  it  is  a  habiliible  globe ; 
ita  mountains  and  valleys  are  very  perceptible,-  and  some  ustronomers 
iinngine  that  they  have  seen  volcanoes  in  it. 

The  planets  wliich  are  supposed  to  revolve  round  tlie  fixed  stars  must 
of  course  be  much  smaller  than  the  suns  which  give  them  lii;ht ;  and 
the  distance  which  makes  these  suns  appear  to  us  like  stars  must  render 
thc-lr  plunets  quite  invisible:  besides  the  light  of  these  planets  would 
lie  much  more  feeble  than  that  of  tli&  lixed  stars  ;  there  would  be  exactly 
the  same  sort  of  difference  as  between  the  light  of  the  sun  and  that  of 
the  moun,  the  first  being  a  fixed  star,  the  second  a  planet. 

According  to  the  laws  of  nitrBClioii,  the  planets  belonging  to  our 
system  all  gravitate  towards  the  sun;  and  this  force,  combined  with 
that  of  pnijection,  occasions  their  revolution  round  the  sun,  in  orbits 
more  or  leas  elliptical,  according  to  the  proportion  which  tliese  two 
forces  bear  to  each  other.  But  tlie  planets  have  also  another  motion  : 
they  revolve  upon  their  axis.  The  axis  of  a  planet  is  an  imaginary 
line  which  pusses  through  its  centre,  and  on  which  it  turns ;  and  it 
is  this  motion  which  produces  day  and  night.  With  that  side  of  the 
jilanel  facing  the  sun,  it  is  day;  and  with  ih6  oppoMte  side,  Mhich 
letnaiiis  in  darkness,  it  is  night.  Our  earth,  which  we  consider  as  a 
planet,  is  34  hours  it)  perforuiiug  one  revolution  on  its  axis;  in  that 
period  of  time,  therefore,  we  have  a  day  and  a  night.  Hence  this  revo- 
lution is  called  the  earth's  diurnal  ur  daily  motion  ;  and  it  is  this  revo- 
lution of  the  earth  from  west  to  east  which  produces  an  apparent  motion 
of  the  sun,  moon,  and  stars  in  the  contrary  direction. 


Section  !I. — Oa  the  Planrls. 
The  Planets  are  distinguished  into  primary  and  secondary.  Those  which 
revolve  immediately  alwut  the  aun  are  called  primary.  Many  of  these  arc 
attended  iu  their  course  by  smaller  planets,  which  revolve  round  them ; 
these  are  called  secondory  planets,  satellites,  or  moons.  Such  is  our 
moon,  which  accompanies  the  earth,  and  is  carried  with  it  round  the  sun. 
The  sun  is  the  general  centre  of  attractioa  to  our  system  of  planets  ;  but 
the  satellites  revolve  round  the  primary  planets,  on  account  of  their 
greater  proximity.    The  force  of  attraction  is  not  only  proportional  to 
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the  quenth;  of  mailer,  hut  to  the  degree  of  prasimity  of  tht  aftrscting 
body.  'Biia  power  bein^  weakened  by  diSbiion,  diminishea  bs  the  aqiiares 
nfthe  distances  incrcHso.  The  square  is  the  product  of  a  number  multi- 
plied by  itself;  so  tbst  a  planet  situated  at  twice  Ibe  distance  at  which 
we  are  from  the  sun  would  gravitate  four  times  less  than  we  do,  the  pre 
duct  of  two  multiplied  by  itself  being  four.  The  more  distant  planet*, 
therefore,  move  slower  In  their  orbits,  for  their  projectile  force  must  be 
proportioned  to  that  of  attraction.  This  diminution' of  attraction  b;  the 
increase  of  distance  also  accounts  for  the  motion  of  the  secondary  round 
(he  primary  planets,  in  preference  to  the  sun ;  fur  the  vicinity  of  the 
primary  planets  renders  their  attraction  atron^r  than  that  of  the  bud. 
but  since  the  attraction  between  bodies  is  mutual,  the  primary  planet*  are 
also  Httrscted  by  their  sstellites.  The  moon  attracts  the  earth,  as  well  as 
the  earth  the  moon  ;  but  as  the  latter  is  the  smaller  body,  her  attraction 
ia  proportionally  less.  The  result  i*,  that  neither  the  earth  revolves 
round  the  moon,  nor  the  moon  round  the  earth ;  but  they  both  revolve 
round  a  point,  which  is  their  common  centre  of  gravity,  and  which  is 
as  much  nearer  the  earth  than  the  moon,  as  the  weight  of  the  former 
exceeds  that  of  the  latter.  It  has  been  already  stated  (p.  six.)  that  if 
two  bodies  were  fastened  together  by  a  wire  or  bar,  their  common  centre 
of  gravity  would  be  in  the  middle  of  the  bar,  piovided  the  bodies  were 
of  equal  weight ;  and  if  they  differed  in  weight,  it  would  be  nearer  the 
larger  body.  Attraction  is  the  tie  which  unites  the  earth  and  moon; 
and  if  these  bodies  had  no  projectile  force  which  prevented  their  mutual 
attraction  from  bringing  them  together,  they  would  meet  at  their  common 
centre  of  gravity. 

The  earth  then  has  three  different  motions :  it  revolves  round  the  sun, 
upon  its  axis,  and  round  the  point  towards  which  the  moon  attracts  it; 
and  this  is  the  case  with  every  planet  which  is  attended  by  satellites.  The 
complicated  effect  of  this  variety  of  motions  produces  certain  Irregularities, 
which,  however,  it  is  not  necessary  to  notice  at  present.  The  planets  act 
on  the  sun  in  the  same  manner  as  they  are  themselves  acted  on  by  their 
satellites  ;  but  the  gravity  of  the  planets  (even  when  taken  collectively)  is 
so  trifling  compared  with  that  of  the  sun,  that  they  do  not  cause  the  latter 
to  move  so  much  os  one-half  of  its  diameter.  The  planets  do  not,  there- 
fore, revolve  round  the  centre  of  the  sun,  but  round  a  point  at  a  small 
distance  from  its  centre,  about  which  the  sun  also  revolves.  The  sun 
also  revolves  on  his  aiis.  This  motion  is  ascertained  by  obeerving  certain 
spots  which  disappear  and  re-appear  regularly  at  slated  times. 

The  great  distance  of  the  planets  renders  their  motion  apparentiy  so 
slow,  that  the  eye  is  not  sensible  of  their  progress  in  their  orbit,  unless 
we  watch  Ihem  for  some  considerable  length  of  time  :  in  different  seasons 
they  appear  in  different  parts  of  the  heavens.  The  inost  accurate  idea 
which  can  be  given  of  the  situation  and  motion  of  the  planets  will  be 
by  the  enami nation  of  the  diagram  (^fig.  5),  representing  the  solar  system. 
In  which  the  principal  planets,  with  their  orbits,  are  dehneated.  The  sun 
is  in  the  common  centre  of  the  whole,  but,  to  avoid  confusion  in  the  figure, 
he  is  not  represented, 

The  orbits  of  the  planets  are  so  nearly  circular,  and  the  common  centre 
of  gravity  of  the  solar  system  so  near  the  centre  of  tha  eun,  Uiat  these 
deviations  are  not  noticed  in  the  diagram.  The  dimeiwions  of  the  pla- 
neU,  in  their  true  proportions  will  be  found  delineated  in  Jig.  6 :  the 
signs  anneied  to  them  ate  those  used  to  represent  the  planets,  which  are 
vlso  used  In^.  1- 
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Mercury  la  the  planet  nearest  the  sun :  hts  orUt  t*  coiuequently  con- 
tained wllnin  oore  i  but  hli  vicinity  to  the  >un  occaetoas  his  being  nearly 
lost  In  the  brilliancy  of  his  rays ;  and  when  we  see  this  planet,  the  sun  !> 
M>  dazzling,  that  very  accurate  obierratlons  cannot  be  made  upon  him. 
He  performs  hie  revolution  round  the  aun  la  ftbout  87  daya,  which  b 
conaequentiy  the  length  of  his  year  ;  the  time  oF  his  rotation  on  hla  axis 
is  not  accurately  known ;  his  distmnce  from  the  sun  ia  computed  to  be 
37  millions  of  miles,  and*  his  diameter  3,*^4  miles.  Tha  heat  of  this  planet 
is  so  great,  that  water  cannot  «xi&t  there  but  in  ti  state  of  vapour,  and 
meUh  wouM  b«  liqucfted. 
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Venus,  the  next  in  the  order  ofplaneU,  !■  68  milliona  i>r  miles  from  the 
sun  ;  she  revolves  about  her  axis  in  23  hours  and  21  minutes,  and  goes 
round  the  sun  in  224  days  17  hours.  The  diameUr  of  Venus  is  7,S87 
miles.  The  orbit  of  Venus  is  within  ours;  during  nearly  oue-half  of 
her  course  in  it  we  see  her  before  sunrise,  and  she  is  called  tlie  morning- 
star  ;  in  the  corresponding  part  of  ber  orbit,  on  the  other  side,  she  rises 
later  than  the  sun.  We  then  cannot  see  her  rising-,  as  she  rises  in  tlie 
daytime;  but  she  also  sets  later;  so  that  we  perceive  ber  approaching  the 
horizon  afler  sunset :  she  is  then  called  Hesperus,  or  tbe  evening-star. 

The  planet  next  to  Venus  is  the  Earth,  at  which  we  shall  soon  speak  at 
full  length  i  at  present  we  shall  only  observe,  that  we  are  95  inilliuns  of 
miles  distant  from  the  sun — that  we  perform  our  annual  revolution  in 
365  days,  &  hours,  and  49  minutes— and  are  attended  in  our  course  bj  a 
aingle  moon. 

Then  follows  Mars.  He  can  never  come  between  ua  and  the  sun,  like 
Mercury  and  Venus  ;  his  motion  is,  however,  very  perceptible,  as  be  may 
be  tmced  to  dllTerent  situations  in  the  hesvens  ;  bis  distance  from  tbe  sun 
is  144  millions  of  miles ;  be  turns  on  bis  axis  in  24  hours  and  39  minutes ; 
and  he  perrorms  his  annual  revolution  in  about  6H7  i>f  our  days:  his 
diameter  is  4,189  miles.  Then  follow  four  very  small  planets — Juno, 
Ceres,  Pallas,  and  Vesta,  which  have  been  recently  discovered,  but  whose 
dimensions  and  distances  from  the  sun  liiive  uot  been  very  accurately 
ascertained. 

Jupiter  is  next  in  order.  This  is  the  largest  of  all  the  planets  ;  he  is 
ftbout  490  millions  of  miles  distant  from  the  sun,  and  completes  bis  annual 
period  in  nearly  twelve  ofour  years ;  he  revolves  on  his  axis  in  about  ten 
hours ;  he  is  above  1,400  times  as  large  as  our  earth,  his  diameter  being 
89,170  miles.  The  respective  proportions  of  tlie  planets  cannot  therefore, 
you  see,  be  conveniently  delineated  in  a  diagram.  Hi  is  attended  by 
fourmoooa. 

The  next  planet  is  Saturn,  whose  distance  from  tbe  sun  is  about  900 
millions  of  miles.  His  diurnal  rotation  is  performed  in  ten  hours  and  a 
quarter;  his  annual  revolution  in  nearly  thirty  of  our  years;  bis  dia- 
meter is  79,000  miles.  This  planet  is  surrounded  by  a  luminous  ring,  the 
nature  of  which  astronomers  are  much  at  a  loss  to  conjecture :  be  has 
seven  moons. 

XiOSlly,  wc  observe  the  Georgium  Sidus,  discovered  by  Dr.  Herschel, 
and  which  is  attended  by  six  moons.  His  numerous  moous  are,  however, 
far  from  making  so  splendid  an  appearance  as  ours;  for  tliey  can  reflect 
only  tbe  light  which  they  receive  from  the  sun  ;  and  both  light  and  beat 
decrease  in  the  same  ratio  or  proportion  to  the  distances  us  gravity ; — 
consequently  Saturn,  which  is  at  ueariy  ten  limes  the  distance  at  which 
we  are  from  tlie  sun,  has  a  hundred  times  less  heat  and  light.  To  us 
such  a  climate  would  not  be  habitable  ;  but  this  furnishes  no  argument 
against  the  supposition  that  these  planets  are  worlds,  peopled  with  beings 
whose  bodies  are  adapted  to  the  various  temperatures  and  elements  in 
which  they  are  situated.  Whether  we  judge  from  the  analogy  of  our  own 
earth,  or  from  that  of  the  great  and  universal  beneficence  of  Providence, 
we  may  reasonably  conjecture  this  to  be  the  case :  and  an  inhabitant  of 
Mercury  mig-ht  with  a.<9  much  plausibility  pity  us  for  tlic  inlenee  coldness 
of  our  situation,  or  those  of  Jupiter  and  Saturn  for  our  intolerable  heal, 
as  we  can  draw  any  inferences  against  their  existence,  from  the  circum- 
stance  that  we,  constituted  «s  we  are,  could  not  live  there. 

Comets  ara  supposed  to  be  plaaeta.    The  re-appeanmca  uf  some  or 
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Ihem  at  atated  times  proves  that  they  revolve  round  the  sun ;  but  in  orbila 
BO  exlrrinelj  eccentric,  and  running  to  such  a  distance  from  Ihe  sun,  that 
they  disappear  for  a  great  number  of  years.  If  (hey  are  inhabited,  it  roust 
be  by  a  species  of  beings  very  diSerent,  not  only  from  the  inhabitants  of 
tliis,  but  from  (hose  of  any  of  the  other  planets,  as  they  must  experience 
the  greatest  vicissitudes  of  heat  and  cold :  their  heat  in  that  part  of  their 
orbit  nearest  the  sun  is  computed  to  be  greater  than  thnt  of  red-hot  iron. 
In  this  part  of  its  orbiL  the  comet  emits  q  luminous  vsponr,  called  the  tail, 
which  it  gradoaliy  loses  ns  it  recedes  from  the  sun  ;  and  the  comet  itself 
totally  disappears  from  our  sight  in  the  more  distant  parts  of  its  orbit, 
which,  in  most  cases,  extends  considerably  beyond  that  of  the  furthest 
planet 

The  number  of  comets  belonging  to  our  system  cnnnot  be  ascertained, 
as  Borne  of  them  are  several  centuries  before  they  make  their  rcappear- 
Knce.     The  number  that  are  known  by  their  regular  re-appearance  is  very 

Tlie  ancients,  in  order  to  recognise  the  fixed  stars,  formed  them  into 
gronpa,  to  which  they  gave  the  names  of  the  figures  delineated  on  the 
celestial  globe.  In  order  to  show  (heir  proper  situations  in  the  heavens, 
they  should  be  painted  on  the  internal  surface  of  a  bolbw  sphere,  from 
the  centre  of  which  you  should  view  them  :  you  would  then  behold  them 
as  they  appear  to  be  situated  in  the  heavens.  The  twelve  constellations, 
called  the  Signs  of  the  Zodiac,  are  those  which  are  so  situated,  that  Ihe 
earth  in  its  annual  revolution  passes  directly  between  them  and  the  sun. 
Their  names  are — Aries,  the  Ram ;  Taurus,  the  Bull ;  Gemini,  the 
Twins  ;■  Cancer,  the  Crab ;  Leo,  Ihe  Lion  ;  Virgo,  the  Virgin ;  Libra, 
the  Balance;  Scorpio,  the  Scorpion;  Sagittarius,  the  Archer;  Capri- 
cornus,  the  Wild  Goat;  Aquarius,  the  Water-carrier;  Pisces,  the  Fishes: 
the  whole  occupying  a  complete  circle,  or  broad  belt,  in  the  heavens, 
called  the  Zodiac  {Jig.  7).  Hence,  a  right  line  drawn  from  the  eanh, 
and  passing  through  the  sun,  would  reach  one  of  these  constellations,  and 
the  Bun  is  said  to  be  in  that  constellation  at  which  (he  line  terminates. 
Thus  when  the  earth  is  at  A,  the  sun  would  appear  to  be  in  the  constella- 
tion or  sign  Aries ;  when  the  earth  is  at  B,  the  sun  would  appear  in 
Cancer ;  when  the  earth  was  at  C,  the  sun  would  be  in  Libra ;  and 
when  the  earth  was  at  D,  the  sun  would  be  in  Capricorn.  This  circle, 
in  which  the  sun  thus  appears  to  move,  and  which  passes  through  the 
middle  of  the  Zodiac,  is  called  the  Ecliptic 

We  have  no  means  of  ascertaining  the  distance  of  the  fixed  stars. 
When  therefore  they  are  said  to  be  in  the  Zodiac,  it  is  merely  implied  that 
they  are  situated  in  that  direction,  and  that  they  shine  upon  us  through 
that  portion  of  the  heavens  which  we  call  the  Zodiac. 

Whether  the  apparent  difference  of  size  and  brilliancy  of  the  elars 
proceed  from  their  various  degrees  of  remoteness,  or  of  dimension,  is  a 
point  which  astronomers  are  not  enabled  to  ascertain.  Considering  them 
ns  suns,  we  know  no  reason  why  they  should  not  vary  in  size,  as  well  as 
the  planets  belonging  to  them 

It  may  perhaps  be  objected  to  this  system  of  the  universe,  that  It  is 
directly  in  opposition  to  the  evidence  of  our  senses,  to  which  it  is  plain 
and  obvious  that  the  earth  is  motionless,  and  that  the  sun  and  stars  revolve 
round  it.  But  our  senses,  or  at  least  the  inferences  we  draw  from  them, 
too  oRen  mislead  us,  for  us  to  place  implicit  reliance  on  them.  When 
sailing  on  the  water  with  avery  steady  breeze,  the  houses,  trees,  and  every 
object  appear  to  au-n,  wfaibt  we  are  inseniible  of  the  motion  of  the 
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VCBset  In  which  we  sail,  tt  ia  only  when  some  obstacle  itnpedea  oui 
moiion  that  we  are  conscious  or  moving  ;  and  were  you  to  clnse  jrour  eyea 
Mhile  sailing  on  calm  water,  with  a  auiady  wind,  you  would  not  perceive 
that  you  moved)  For  you  could  not  fael  it,  and  you  could  see  it  only  by 
al»ei^iii([  the  change  of  place  of  the  ohjects  on  ahore.  So  it  is  with  the 
mo^oit  of  the  earth :  ever;  thing  on  ita  eurrace,  and  the  air  that  BurTounda 
it,  acctjtnpanies  it  in  ita  revolution — it  meets  with  no  resiatance,  thereTora 
#e  are  insensible  of  motion. 

fThe  apparent  motion  of  the  sun  and  stars  affords  us  the  aatne  proof  (rf 
the  earth's  motion  that  the  crew  of  a  veaael  has  of  their  motion  from  the 
appareni  moiion  of  the  otyects  on  shore.  Imagine  the  earth  to  be  sailing 
round  ita  axis,  and  successively  passing  by  every  atsr.  which,  like  the 
objects  on  land,  we  suppose  to  be  moving,  inelead  of  ourselves.  In 
balloons,  the  earth  appears  to  sink  beneath  the  balloon,  instead  of  (he 
balloon  rising  alnve  tue  earth. 

It  Is  a  law  which  we  discover  throughout  Nature)  and  worthy  of  ita 
gi^st  Author,  that  all  its  purpoaea  are  accompliahed  by  the  most  aimple 
means.  We  have  no  reason  to  suppose  this  law  infringed,  in  order  that 
our  earth  may  remain  at  real,  while  the  sun  and  atara  move  round  us: 
their  regular  motions,  which  are  explained  by  the  laws  of  attraction  on 
the  Rrst  supposition,  would  be  unintelligible  on  the  laat,  and  the  order  and 
harmony  of  the  universe  be  destroyed.  What  an  immense  circuit  the  aun 
ahd  stars  would  make  daily,  were  their  apparent  motions  real  I  We  know 
many  of  them  to  be  bodlea  more  considerable  than  oitr  earth  ;  for  our  eyee 
vainly  endeavour  to  persuade  us,  that  they  are  little  brilliants  apariiling  in 
the  heavens,  while  science  teaches  us  that  they  are  immense  apberea. 
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whose  apparent  dlmeliaionB  are  diminished  by  distance.  If  the  heavenly 
bodies  reviilved  round  our  earth  in  twenty-four  hours,  the  centrirugal  force 
implied  in  bo  rapid  a  motion  would  be  quite  destructiTe,  and  no  power 
can  he  assigned  which  would  be  sufficient  to  balance  It;  ^indalones 
driven  by  machinery  in  manuractoriea  have  been  known  to  Sy  in  pieces 
from  their  great  velocity.  Why  then  should  these  enormous  globes  tra- 
verse such  an  immensity  of  space,  merely  to  prevent  the  necessity  of  our 
eiirth  revolving  on  its  axis  ?  The  motiou  produced  by  the  revolution  of 
the  earth  on  its  axis  is  about  thirteen  miles  and  a  half  a  minute  to  an 
iiiiiabitant  of  London.  A  person  at  the  equator  moves  much  quicker; 
and  one  situated  near  the  poles  much  slower,  since  they  eaeh  perform 
a  revolution  in  twenty-four  hours.  But  in  performing  its  revolution 
round  the  sun,  every  part  of  the  earth  moves  with  an  equal  velocity,  and 
this  velocity  is  no  less  than  a  thousand  miles  a  minute. 

In  ancient  times,  the  earth  was  supposed  to  occupy  the  centre  of  the 
system ;  and  the  sun,  moon,  and  stars  to  revolve  round  it.  This  was  the 
system  of  Ptolemy ;  but  so  long  ago  as  the  beginning  of  the  sixteenth 
century  it  was  discarded,  and  the  solar  system,  such  as  we  have  shown, 
was  established  by  the  celebrated  astronomer  Copernicus  and  his  fol- 
lowers, and  is  bmce  called  the  Copernican  system.  But  the  theory  of 
gravitation,  the  discovery  of  the  source  whence  this  beautiful  and  har- 
monious arrangement  flows,  we  owe  to  the  powerful  genius  of  Sir  Isaac 
Newton,  who  lived  at  a  much  later  period. 

It  isftr  less  difficult  to  trace  by  observation  the  motion  of  the  planets, 
,  than  to  divine  by  what  power  they  are  impelled  and  guided.  The  idea  of 
gravitation,  it  is  said,  was  first  suggested  to  Sir  Isaac  Newton  by  a  cir- 
cumstance from  which  one  should  little  have  expected  so  grand  a  theory 
to  have  arisen.  During  the  prevalence  of  the  plague  in  the  year  1666, 
Newton  retired  into  the  country  to  avoid  the  contagion.  When  sitting 
one  day  in  his  orchard,  be  observed  an  apple  fall  from  a  tree,  which  led  to 
a  train  of  thought,  whence  his  grand  theory  of  universal  gravitation 
was  ultimately  developed.  Mis  first  reflecliun  was,  whether  tlie  apple 
would  fall  to  the  earth  if  removed  to  a  great  distance  from  it ;  then,  how 
far  it  would  be  required  to  be  removed  from  the  earth,  before  it  would 
cease  to  be  attracted ;  would  it  retain  its  tendency  to  fall  at  the  distance 
of  a  thousand  miles,  or  ten  thousand,  or  to  the  distance  of  the  moon  ? — 
and  here  the  idea  occurred  to  him  that  it  was  not  Impossible  that  (he  moon 
herself  might  have  a  similar  tendency,  and  gravitate  to  the  earth  in  the 
same  manner  as  the  bodies  on  or  near  its  surlace.  and  that  this  gravity 
might  possibly  be  the  power  which  balanced  the  centrifug^al  force  Implied 
ill  her  motion  in  her  orbit.  It  was  then  natural  to  extend  this  idea  to  the 
other  planets,  and  consider  them  as  gravitating  towards  the  sun.  In  the 
same  tnanner  ai  the  moon  gravitates  towards  the  earth.  He  followed  up 
Ihla  beautiAil  hypothesis  by  a  series  of  calculations  and  demonstrations, 
unparalleled  for  their  originality,  and  the  industry  and  judgment  with 
wmch  they  were  conducted,  until  he  established  the  stupendous  doctrine 
of  universal  g^ravitatlon  I  Who  would  imagine  that  the  simple  circum- 
stance of  the  bll  of  an  apple  would  have  led  to  such  magnificent  results  ? 
It  is  the  mark  of  superior  ([eniua  to  find  matter  for  observotion  and  re- 
search in  circumstances  which,  to  the  ordinary  mind,  appear  trivial, 
because  they  ai«  common,  end  with  which  they  are  salisfied  because  they 
are  natural,  without  reflecling  that  Nature  is  our  grand  field  of  observa- 
tion—that within  it  is  cOulAlneil  our  whole  store  of  knowledge  :  In  «  word, 
that  to  study  the  worhs  of  Nature,  Is  to  learn  to  appreciate  and  admire 
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Ihe  wisdom  of  God.  Thus,  it  was  the  Bitnple  circumatance  of  the  fall  of 
an  apple  which  led  to  the  discovery  of  the  laws  upon  which  the  Copcr- 
nicaii  Bystem  is  founded;  and  whatever  credit  this  syElem  hnd  obtaiaed 
before,  it  now  rests  upon  a  basis  from  which  it  cannot  be  shaken. 


Section  III.— On  the  Earth. 
As  Ihe  Earth  is  the  planet  in  which  we  are  the  most  particularly  inte- 
rested, we  shall  explain  the  effects  resuUinir  from  ila  annual  and  diunial 
motions ;  but  for  this  purpose  it  will  be  neiiessary  to  make  you  acqiiaiiited  ^ 
with  the  terrestrial  globe.  This  globe,  or  sphere  i/ig.  8),  represents  Ihe 
rarth.  The  line  which  passes  through  its  centre,  and  on  which  it  turns. 
Fig.  8. 


is  called  its  axis ;  and  the  two  extremities  of  the  axis,  A  and  II,  are  llie 
poles  distinguished  by  the  names  of  the  north  and  the  south  pole.  The 
circle,  C  D,  which  divides  the  globe  into  two  equal  parts  between  Ihe 
poles,  is  called  the  equator,  or  equiaoc^al  line ;  that  part  of  the  globe  to 
the  north  of  Ihe  equator  is  the  northern  hemisphere  ;  that  part  to  the  south 
of  the  equator,  the  southern  hemisphere.  The  small  circle,  E  F,  which 
surrounds  the  north  pole,  is  called  the  arctic  circle ;  that,  G  H,  surround- 
infn'  the  south  pole,  the  antarctic  circle.  There  are  two  intermediate 
circles  between,  the  polar  circles  and  the  equator, — that  to  the  north,  I  K, 
called  the  tropic  of  Cancer ;  that  to  the  south.  L  M,  called  the  tropic  of 
Capricorn.  Lastly,  this  circle,  L  K,  which  divides  the  globe  into  two 
equal  parts,  crossing  the  equator,  and  eittending  northwani  as  far  aa  tlie 
tropic  of  Cancer,  and  southward  hs  far  as  the  tropic  of  Capricorn,  is  calleil 
the  ecliptic.  The  delineation  of  tlie  ecliptic  on  the  terrestric^  globe  is  not 
without  danger  of  conveying  false  ideas  ;  for  the  ecliptic  (as  has  before 
been  said)  Is  an  imaginary  circle  in  the  heavens,  passing  through  the 
middle  of  the  zodiac,  and  situated  in  the  plane  of  the  earth^  orbit. 

In  order  to  understand  the  meaning  of  the  plane  of  the  earth's  orbit,  let 
us  suppose  a  smooth,  thin,  solid  plane  cutting  the  sun  through  the  ceutt?, 
extending  out  as  far  as  the  fixed  stars,  and  terminating  in  a  circle,  which 
puses  through  the  middle  of  the  zodiac.     In  this  plane  the  earth  moves 
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in  its  revolution  round  the  sun :  it  is  ihertfore  called  the  plane  of  the 
earth's  ortut;  and  ihe  circle  in  nhich  this  plane  cuts  the  ei^aa  o{  ihe 
zodiac  is  the  ecliptic.  Let^.  9  represent  huch  a  plane,  S  the  suu, 
£  the  earth  with  its  orbil,  and  A  B  C  D  the  ecliptic  psBsing  Ibrough  the 

Fig.  9. 


middle  of  Ihe  zediac.  TlierefiiTe  the  ecliptic  relates  only  to  the  heavena  ; 
but  it  is  described  upon  the  terrestriftl  globe  to  facilitate  tlie  demonsi ration 
of  a  variety  of  problems  in  the  use  of  the  globes  :  and  besides,  the  ob- 
ttqnily  of  this  circle  to  the  equator  is  rendered  more  conspicuous  by  its 
bcinR  described  on  the  same  globe  ;  and  the  obliquity  of  the  ecliptic 
shows  the  inclination  of  the  earth's  axis  lu  the  plane  of  its  orbit.  But  to 
return  If  Jig.  8. 

The  spaces  between  the  several  parallel  circles  on  Ihe  terrestrial  globe 
are  called  zones;  that  which  is  comprehended  between  the  tropics  is  dis- 
tinguished by  the  name  of  the  torrid  zone;  (he  spaces  which  extend  from 
Ihe  tropics  to  the  polar  circles,  the  north  and  south  temperate  zones  ;  and 
the  spaces  contained  within  the  polar  circles,  the  frigid  zones. 

The  several  lines  which,  yon  obaerre,  are  drawn  from  one  pole  to  th« 
other,  cutting  the  equator  at  right  angles,  are  called  meridians.  When 
any  one  of  these  meridians  is  exactly  opposite  Ihe  sun,  it  is  mid-day,  or 
twelve  o'clock  in  the  day,  with  all  the  places  Nituated  on  that  meridian  ; 
and,  with  the  places  situated  on  the  opposite  meridian,  it  is  consequently 
midnight.  To  places  situated  equally  distant  from  these  two  meridians, 
it  is  six  o'clock.  If  they  are  to  the  east  of  the  sun's  meridian,  it  is  six 
o'clock  in  the  aflemoon,  because  the  sun  will  luve  previously  passed  over 
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them  ;  tf  to  the  west,  It  is  six  o'clock  in  the  mamiDg,  and  tha  lun  will  be 

proceeding  towards  that  meridian. 

Tliose  circlea  which  divide  the  globe  iuto  two  equal  parts,  bucIi  aa  tha 
equator  aDd  the  ecliptic,  are  called  great  circles — to  diatin^iih  them  (Vom 
those  which  divide  it  into  two  unequal  parts,  as  the  tropics  and  polar 
circles,  which  are  called  smell  circles.  All  circles  are  divided  into  360 
equal  parts,  called  def^reea ;  and  these  degrees  into  60  equal  parts,  called 
minutes.  l%e  diameter  of  a  circle  Is  a  right  line  drawn  across  it,  aod 
passinf^  tiirough  the  centre ;  the  diamEter  is  equal  to  a  little  less  than 
one-Uiird  of  the  circumference,  and  consequently  contains  a  length  equal 
to  nearly  120  degrees,  or  more  accurately,  about  114^  degrees,  of  the  circle 
itself.  A  meridian,  reaching  from  one  pole  to  the  other,  is  half  a  circle, 
and  therefore  contains  180  degrees  ;  and  the  distance  from  the  equator  to 
the  pole  is  hair  of  a  meridian,  or  a  quarter  of  the  circumference  of  a  circle, 
and  contains  90  degrees. 

Besides  the  usual  division  of  circles  into  degrees,  the  ecliptic  is  divided 
into  twelve  equal  parts,  Called  signs,  which  bear  the  name  of  the  constella- 
tiona  through  which  this  circle  passes  in  the  heavetis;  The  degrees  mea- 
sured on  the  meridians  from  north  lo  south,  or  south  to  north,  are  called 
degrees  of  latitude ;  tliose  measured  from  east  lo  west  on  the  equator,  or 
any  of  tlie  lesser  circles  parallel  to  it,  are  called  degrees  of  longitude;— 
these  lesser  circles  are  called  parallels  of  latitude,  because  being  every 
where  at  the  same  distance  from  the  equator,  the  latitude  of  every  point 
contained  in  any  one  of  them  is  the  same. 

The  degrees  of  longitude  must  necessarily  vary  in  tenglh  according  to 
the  dimensions  of  the  circle  on  which  they  are  reckoned ;  those,  for 
instance,  at  the  polar  circles,  will  be  considerably  smaller  than  tliose  at 
the  equator.  The  degrees  of  latitude,  on  the  contrary,  never  vary  in 
length,  the  meridisjis  on  which  (hey  are  reckoned  being  all  of  tlie  same 
dimensions.  The  length  of  a  degree  of  latitude  is  60  geographical  miles, 
which  is  equal  to  69^  English  statute  miles.  The  degrees  of  longitude 
at  (he  equator  would  be  of  the  same  dimensions  were  tha  earth  a  perfect 
sphere ;  but  its  form  is  not  exactly  spherical,  being  somewhat  pro- 
tuberant about  the  equator,  and  flattened  towards  the  poles.  This  form 
proceeds  from  the  superior  actiou  of  the  centrifugal  power  at  the  equator. 
The  revolution  of  the  earth  on  Its  axis  gives  every  particle  a  tendency  to 
fly  off  from  the  centre.  This  tendency  is  stronger  or  weaker  in  proportion 
lo  the  velocity  with  which  the  particle  moves.  Now  a  particle  situated 
near  one  of  the  polar  circles  makes  one  rotation  in  the  same  space  of 
time  as  a  particle  at  the  equator  t  the  latter,  therefore,  having  a  much 
lai^r  circle  to  describe,  travels  proportionally  faster,  consequently  the 
centrifugal  force  is  much  stronger  at  tiie  equator  than  at  the  polar  circles  : 
it  gradually  decreases  as  you  leave  the  equator  and  approach  the  poles, 
where,  as  there  is  no  rotatory  motion,  it  entirely  ceases.  Supposing, 
Uierefore,  the  earth  to  have  been  originally  in  a  fluid  state,  the  particles 
in  [he  torrid  Zone  would  recede  much  farther  from  the  centre  than  those  tn 
the  frigid  zones  :  thus  the  polar  regions  would  become  flattened,  and 
those  about  the  equator  elevated.  According  to  the  same  rule,  our  heads 
tnove  with  greater  velocity  than  our  feet;  and  on  the  summit  of  a  moyn- 
tain,  our  velocity  is  greater  than  io  a  valley ;  for  the  head  is  more  distant 
from  the  cetitre  of  motion  than  the  feet — the  mountain-top  than  thevalley. 
Even  at  the  equator,  however,  ttie  force  of  gravity  preponderates  very 
considerably,  being  at  the  equator  S86  times  ^^eater  than  the  centrifugal 
fiirce. 
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II  trtiuld  be  iiBtiira)  to  suppose  tlial  the  prominence  at  the  eqilator  and 
deitTcsiiion  at  the  poles  woaid  render  the  attraction  of  gravity  stron^r  at 
the  fbrttier,  M  that  K  body  would  weigh  heavier  at  the  equator  than  at  (he 
poles.  This,  hoWeter,  is  ermneous.  The  manner  in  which  the  force  of 
gravity  varies  at  diRerent  spots  on  the  surfnec  of  the  earth  depends  on 
ton  side  rat  ions  (do  complicated  to  be  here  explained  ;  but  the  general 
result  is  that,  allhoiig-h  (he  diHerence  in  different  situations  is  very  small, 
the  nearerany  imrt  of  the  surface  is  to  the  centre  of  attraction,  the  more 
stronffty  It  is  Btimcted.  We  refer,  however,  only  to  any  situation  on  the 
surface  of  the  earth.  Were  you  to  penetrate  into  the  interior,  the  altrac- 
(ion  of  the  parts  above  yuu  Mould  counteract  that  of  the  parts  beneath 
you,  and  consequently  diminish  the  power  of  levity  in  proportion  as  you 
approached  the  centre ;  and  if  you  reached  that  point,  being  equally 
attracted  by  the  parts  all  around  you,  gravity  would  cease,  and  yoU'Wo'uld 
be  without  wei^^lil.  Bodies  therefore  gravilate  less,  and  consequently 
wei^h  less,  at  the  equator  than  at  the  poU'S.  while  their  cenlrifngal  force 
is  much  greater ;  and  as  this  Torce  tends  to  drive  bodies  from  the  centre, 
it  is  necessarily  opposed  to,  and  must  decrease  the  power  of  gravity. 
There  are  then  two  causes  wliich  render  bodies  lighter  in  weiglit  nt  the 
equator  than  at  the  jioles:  the  diiiiinution  of  grovilaiion,  and  the  increase 
of  the  centrifugal  lorce.  Men  of  science  have  travelled  both  tv  the  eqUBtOf 
and  lo  Iiapland,  with  a  view  of  ascertaining  this  fact.  The  seventy  of  the 
climate  and  the  obstruction  of  ice  has  hitherto  rendered  every  attempt  to 
reach  tlie  pole  abortive ;  but  the  difference  of  weight  of  a  body  at  (he 
equator  and  in  Lapland  is  very  considerable. 

This  difference  cannot  be  discovered  by  simply  weighing  bodies ;  for  if 
the  body  under  trial  at  the  equator  decreased  in  wei|;lit,  the  weight  whioh 
was  opposed  lo  it  in  the  opposite  scale  ttiust  diminish  in  the  same  propor- 
tion. For  instance,  if  a  pound  of  sugar  did  nut  weigh  so  heavy  at  the 
equator  as  at  (he  poles,  tiie  leaden  pound  which  served  to  weigh  it  would 
not  be  BO  heavy  either  ;  therefore  they  would  still  balance  each  other.  A 
pendulum  is  the  instrument  used  for  the  purpose  of  discovering  the  varia- 
tions of  gravity  in  di&i^rent  situations  on  the  surface  of  the  earth.  A  pen- 
dulum consists  of  a  line,  or  rod,  to  one  end  of  which  a  weight  is  attached, 
and  it  is  suspended  by  the  other  lo  a  fixed  point,  about  which  it  is  mude 
to  vibrate.  Without  being  put  in  motion,  a  pendulum,  like  a  plumb-line, 
hangs  perpendicular  lo  the  general  surface  of  (he  earth,  by  which  it  is 
aUractcd  ;  but  if  you  raise  a  pendulum  on  one  side,  gravity  will  bring  it 
back  to  its  perpendicular  position.  It  will,  however,  not  remain  sta- 
tionary there,  for  the  velocity  it  has  received  during  its  descent  will  impel 
it  onwards,  and  it  will  rise  on  the  opposite  side  to  an  equal  height:  from 
llieuce  it  is  bmught  back  by  gravity,  and  again  driven  by  the  impulse  of 
its  velocity.  Were  the  motion  of  a  pendulum  not  opposed  by  the  resist- 
ance of  the  air  in  which  it  vibrates,  and  by  the  friction  of  (he  part  by  which 
it  is  suspended,  it  would  be  perpetual ;  and  were  the  force  of  gravity 
which  produces  these  Tibratiuns  always  the  same,  Ibey  would  be  perfectly 
regular,  being  of  equal  distances  and  performed  in  equal  limes.  'iTiis  is 
the  natural  result  of  the  uniformity  of  the  power  which  produces  these 
vibrations ;  the  force  of  gravity  being  always  the  same,  tlie  velocity  of  the 
pendulum  must  consequently  be  uiiifunn.  But  if  (he  force  of  gravi(y  is 
lessU  the  equator  than  at  the  poles,  the  vibrations  of  the  pendulum  will 
be  slower. 

It  vras  thua  that  the  diSiirence  of  gravity  was  discovered,  and  the  true 
figure  of  the  eartb  Mcerlaiaed ;  for  afier  likving  made  due  allowance  for 
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the  eFect  of  Ibe  centrifugal  force,  gravity  wan  Btill  found  to  be  greater  in 
the  polar  than  in  the  equatoriHl  regions,  owing  to  the  Bpheroidal  figure  of 
the  earth.  If  then  a  pendulum  vibrates  faster  at  the  poles  and  slower  at 
the  equator,  the  inhabitants  mutit  regulate  their  clocks  in  k  different 
manner  from  ours,  in  which  the  pendulum  vibrates  once  in  a  second 
of  time.  The  only  alteration  required  ia  to  lengthen  the  pendulum 
in  one  case,  and  to  shorten  it  in  the  other ;  for  the  velocity  of  the  vibra- 
tions of  a  pendulum  depends  on  its  length  ;  and  when  it  is  said  that  a 
pendulum  at  the  pole  vibratex  quicker  than  one  at  the  equator,  it  is  sup- 
posing them  both  to  be  of  the  same  length.  A  pendulum  which  vibistes 
a  second  in  this  latitude  is  rather  more  than  39  inches  in  length.  In 
order  to  vibrate  at  the  equator  in  the  same  space  of  time,  it  must  be 
shortened  by  a  few  tines ;  and  at  the  poles,  it  must  be  proportionally 
lengthened. 

We  shall  now  explain  the  variaUon  of  the  seasons,  and  the  difference 
of  the  length  of  the  days  and  nights  in  those  seasons — both  effects 
resulting  from  the  same  cause.  In  moving  round  the  snn,  the  axis  of  the 
earth  is  not  perpendicular  to  the  jilane  of  its  orbit ;  in  other  words,  its 
axis  does  not  move  round  the  sun  in  an  upriglit  position,  but  slanting  or 
oblique.  This  you  will  understand  more  clearly  if  you  carry  a  small  globe 
round  a  lamp  or  candle,  which  is  to  represent  the  sun  (Jig.  10).     You 


must  consider  the  ecliptic  drawn  on  the  small  globe  as  representing  tlie 
plane  of  the  earth's  orbit ;  and  the  equator,  which  crosses  tfje  ecliptic  in 
two  places,  shows  the  degree  of  obliquity  of  the  axis  of  the  earth  in  that 
orbit,  which  is  exactly  23^  degrees.  The  points  in  which  the  ecliptic  in- 
tersects the  equator  are  called  nodes.  The  globe  at  A  is  situated  as  it  is 
in  the  midst  of  summer,  or  tvhat  is  called  the  summer  solstice,  which  is  on 
the  21st  of  June.  The  north  pole  is  then  inclined  towards  the  sun,  and 
the  northern  hemisphere  enjoys  much  more  of  liis  rays  than  the  southern. 
The  sun  now  shines  over  the  whole  of  the  north  frigid  zone ;  and  not- 
withstanding the  earth's  diurnal  revolution,  which  may  be  imitated  by 
twirling  tlie  ball  on  the  wire,  it  will  continue  to  shine  upon  it  as  long  as 
it  remains  in  this  situation,  whilst  the  south  frigid  Kone  is  at  the  same 
time  completely  in  obacuiit;. 
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Let  the  earth  now  set  off  from  its  position  in  the  summer  solstice,  and 
carry  it  round  the-sun  ;  observe  that  the  ax.is  must  be  always  inciiaed  in 
the  same  direction,  and  the  north  pole  point  to  the  same  spot  in  the 
heavens.  There  is  a  fiud  star  situated  near  that  spot,  which  is  hence 
called  the  North  Polar  Star.  The  earth  at  B  has  gone  through  one 
quarter  of  its  orhit,  and  is  arrived  at  that  point  at  which  the  ecliptic  cuts 
or  crosses  the  equator,  and  which  is  called  the  autumnal  equinoi.  The 
sun  now  shines  from  one  pole  to  the  other,  as  it  would  consluntly  do  were 
the  axis  of  the  earth  perpendicular  to  its  orbit,  the  inclination  of  the  axis 
being  now  neither  towards  the  sun  nor  in  the  contrary  direction.  At  this 
period  of  the  year,  the  days  and  nights  are  equal  in  every  part  of  the 
earth,  excepting  at  the  very  poles  ;  but  the  next  step  she  takes  ia  her 
orbit  involves  the  north  pole  in  darkness,  whilst  it  illumines  that  of  the 
south.  This  change  was  graduaUy  preparing  as  the  earth  moved  from 
summer  to  autunM  ;  the  arctic  circle  beginii  to  have  short  nights,  which 
increase  as  the  earth  approaches  the  autumnal  equinox  ;  and  the  iaslaut 
it  passes  that  point,  the  long  night  of  the  north  pole  commences,  and  the 
south  pole  begins  to  enjoy  the  light  of  the  auii.  As  the  earth  proceeds 
in  its  orbit,  the  days  shorten  and  the  uighia  lengthen  throughout  the 
northern  hemisphere,  until  it  arrives  at  the  winter  solstice,  on  the  21st  of 
December,  when  the  north  frigid  zone  is  entirely  in  darkness,  and  the 
southern  er^oys  uninterrupted  daylight.  Exactly  half  of  the  equator,  it 
will  be  observed,  is  enlightened  in  every  position,  and  consequently  the 
day  is  there  always  equal  to  the  night. 

Observe  that  the  inhabitants  of  the  torrid  zone  have  much  more  heat 
than  we  have,  as  the  sun's  rays  fall  perpendicularly  on  them,  while  they 
shine  obliquely  on  the  temperate,  and  almost  horizontally  0[i  the  frigid 
zone  ;  for  during  their  long  day,  the  sun  moves  round  at  no  great  eleva- 
tion above  their  horizon  without  either  rising  or  setliiig ;  the  only  ob- 
servable difference  ii,  that  it  is  more  elevated  by  a  few  degrees  at  mid-day 
than  at  midnight ;  but  at  the  poles  themselves,  the  sun  travels  round  in 
the  course  of  four-and- twenty  hours  nearly  at  the  same  elevation  from 
the  horizon,  rising  every  day  a  very  little  higher  from  the  vernal  equinox 
till  midsummer,  and  declining  al\er  tiiat  period  till  the  autumnal  equinox, 
when  their  long  night  begins- 

To  a  person  placed  in  the  temperate  zone,  as  we  are  'in  England,  the 
sun's  rays  will  shine  neither  so  obliquely  as  at  the  poles,  nor  so  vertically 
as  at  the  equator  ;  but  will  fall  upon  him  more  obliquely  in  autumn  and 
winter  than  in  summer.  Therefore,  the  inhabitants  of  the  eartli  between 
the  polar  circles  and  the  equator  will  not  have  merely  one  day  and  one 
night  in  the  year,  as  happens  at  the  pole  ;  nor  will  they  have  equal  days 
and  equal  uigtita,  as  at  the  equator;  but  their  days  and  nights  will  vary 
ID  length  at  different  times  of  the  year,  according  as  tlieir  respective  poles 
incline  towards  or  from  the  sun,  and  the  difference  will  be  greater  in  pro- 
portion to  their  distance  from  the  equator.  During  the  other  half  of  her 
orbit,  the  same  effect  takes  place  in  the  southern  hemisphere  as  what  we 
have  just  remarked  in  the  northern.  When  the  earth  arrives  at  tiie 
vernal  equinoi,  D,  where  the  ecliptic  again  ciila  the  equator,  on  the  23iid 
of  March,  she  is  situated,  with  respect  to  the  sun.  exactly  in  the  same 
position  as  in  the  autumnal  equinox,  excepting  that  it  ia  now  autumn  in 
the  southern  hemisphere,  whilst  it  is  spring  with  us  ;  for  the  half  uf  the 
globe  which  is  enlightened  extends  exactly  from  one  pole  to  the  other : 
the  sun  rises  to  the  north  pole,  aud  sets  to  the  south  pole.  On  the  two 
days  of  the  equinox  the  sun  is  visible  at  both  poles ;  but  only  half  of  it  ii 
■MB  fhooi  clthtr,  the  ather  hkif  b«in(f  ooiiMaled  by  the  horiniu 
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The  lun  is  nrarl;  three  of  our  days  in  rising  anil  aetlixR  M  Wo  poles. 
About  thirty  hours,  or  mher  more,  before  he  reaches  the  exact  period  of 
Ihe  autumnat  equinoi,  the  upper  edge  or  limb  of  the  sun  begins  to  be 
vi*ible  at  the  south  pole;  eod  it  is  there  Been  constantly  travelling  rpun4 
Ibe  horizon,  and  rising  gradually  higher  and  hisher,  till  at  the  eed  of 
gbout  sixty  hours,  sRer  revolving  nearly  9^  times  round  the  horizon,  Itie 
whole  of  its  orb  is  viiifale. 

At  the  same  mAroent  that  the  edge  of  the  sun  becomes  visible  at  the 
Bonlh  pole,  the  same  edge  nbich  appears  os  the  lower  iipib  at  the  north 
pole  begins  lo  dip  below  the  horizon  ;  but  tlie  sun  still  continues  visible, 
travelling  round  the  horizon,  more  and  more  of  it  being  hid,  till,  at  the 
end  of  sixty  hours,  it  totally  disappears,  just  at  the  same  moment  when  it 
is  fully  seen  at  the  south  pole.  Aa  the  earth  proceeds  towards  summer) 
the  days  lengthen  in  the  northern  hemisphere,  and  shorten  In  the  southern, 
till  the  earth  reaches  our  summer  solstice,  which  brings  U  egwn  to  the 
spot  whence  we  first  accopipenied  her. 

The  mind  can  find  no  object  of  contemplation  more  sublime  than  the 
course  of  this  magnificent  globe,  impelled  by  the  combined  powers  of  pro- 
jection and  attraction  to  roll  in  one  invariable  course  around  the  source 
of  light  and  heat ;  and  what  can  be  more  delightful  than  the  beneficent 
effects  of  this  vivifying  power  on  its  attendant  planet  ?  It  is  at  once  the 
grand  principle  which  animates  and  fecundates  Nature. 

The  sun's  rays  alford  less-heat  when  in  an  oblique  direction  than  when 
perpendicular,  because  fewer  of  them  fall  upon  an  equal  portion  of  the 
earth.  This  will  be  understood  better  by  referring  lojig.  1 1,  which  repre- 
sents two  equal  portions  of  the  sun's  rays,  shining  upon  different  parts  of 
Fig.  11. 


the  earth.  Here  It  is  evident  that  the  same  number  of  rayn  foil  on  the 
apace  A  B  as  fall  on  the  space  B  C  ;  and  as  A  B  is  less  than  B  C,  the 
heat  and  light  will  be  much  stronger  In  the  former  than  In  the  latter. 
A  B,  yon  see,  represents  the  equatorial  regions,  where  the  sun  shines  per- 
pendicularly; and  B  C  the  temperate  and  frozen  climates,  where  his  rays 
fall  more  obliquely.  This  accounts  also  for  the  greater  heat  of  summer, 
as  the  sun  shines  less  obliquely  in  summer  than  in  "'inler, 

In_^g.  12,  the  earth  is  represented  as  It  is  situated  on  the2Ut  of  June, 
when  England  receives  leas  oblique,  and  consequcnliy  a  greater  number 
of  raya  than  at  any  other  season  ;  andjSg,  13  shows  the  situation  of  Eng- 
land on  the  2lBt  of  December,  when  the  raya  of  the  sun  fail  most  obliquely 
Upon  her.  But  there  is  alao  another  reason  why  oblique  rays  give  less 
heat  than  those  which  are  perpendicular  ;  the  former  have  a  greater  por- 
tion of  the  atmosphere  to  traverse ;  and  though  it  is  true  that  the  atmos- 
phere is  itself  a  transparent  body,  it  does  not  admit  the  passage  of  the 
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fig.  18. 


nun's  rays  quite  freely  ;  and  besides,  it  is  always  loaded  more  or  less  with 
ijense  anj  foygy  vapour,  which  the  rays  of  the  sun  cannot  easily  penetrate; 
therefore  [he  greater  the  quantity  of  atmosphere  (he  sun's  rays  haTo  to 
pass  through  in  their  way  to  the  earth,  the  fewer  of  them  wilt  reach  it. 
This  will  he  belter  understood  by  referring  to  Jig.  14.  The  doited  line 
round  the  earth  deicribes  the  extent  of  the  atmosphere,  and  the  lines  wbich 
proceed  from  the  sun  to  the  earth,  the  passage  of  two  equal  portions  of 
the  Gun'i  rays  to  the  equatorial  and  polar  regions :  the  latter,  from  its 
greKter  obliquity,  passes  through  a  greater  extent  of  atmosphere. 

The  diminution  of  heat,  morning  and  evening,  is  also  owing  to  the 
rreater  obliquity  of  the  sun's  rays ;  and,  as  such,  they  are  affected  by 
Both  the  causes  which  have  just  been  explained  :  the  difficulty  of  passing 
through  a  foggy  atmosphere  is  more  particularly  applicable  to  them,  as 
mists  and  vapours  are  very  prevalent  about  the  time  of  sunrise  and  sunset. 
But  the  diminished  obliquity  of  the  sun's  rays  is  not  (he  sole  i^ause  of  the 
heat  of  summer ;  the  length  of  the  days  greatly  conduces  to  it ;  for  the 
longer  (be  qun  is  above  l^e  horizon,  the  more  heat  he  wilt  communicate 
Fig.  14. 
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to  the  earth  ;  atid  yet,  thouf^h  both  the  longiest  days  and  the  taoal  per- 
pendicular rays  are  on  the  2lBt  of  June,  the  ^eatest  heat  prevaila  in  July 
and  Au^sL  To  account  for  this,  you  must  reflect  that  those  parts  of  the 
earth  which  are  once  heatt:d  retain  tlie  heat  for  a  considerable  leng-th  of 
time ;  and  the  additional  quantity  they  receive  occasions  an  elevation  of 
temperature,  although  the  days  be<fiu  to  shorten,  and  the  sun's  rays  to 
fall  mure  obliquely.  For  the  eame  reason,  we  have  generally  more  lieut 
«t  three  o'clock  in  the  afternoon  tiian  at  twelve,  when  the  sun  is  on  the 
meridian.  As  long  as  the  sun  continues  to  communicate  more  heat  than 
the  cnrth  parts  with  in  a  given  time,  so  long  the  heat  of  the  earth  will 
increase,  even  though  the  rate  at  which  it  receives  new  heat  from  the  sun 
b  diminished. 

The  vicissitudes  of  seasons  of  the  other  planets  vary  accordinir  as  their 
axes  deviate  more  or  less  from  the  perpendicular  to  the  plane  of  their 
orbits.  The  axis  of  Jupiter  is  nearly  perpendicular  to  the  plane  of  his 
'  orbit ;  those  of  Mars  and  of  Saturn  are  each  inclined  ut  angles  of  about 
60  degrees;  whilst  the  axis  of  Venus  is  believed  to  be  elevated  only  15  or 
20  degrees  above  her  orbit :  the  vicissitudes  of  her  seasons  must  tliereforu 
be  considerably  greater  than  ours. 

There  is  one  more  observation  to  make  relative  to  the  earth's  motion, 
which  is,  that  althou^  we  have  but  365  days  and  nights  in  the  year,  she 
performs  366  complete  revolutions  on  her  axis  during  that  lime,  Tliis  is 
owing  to  the  progressive  motion  of  the  earth  in  its  orbit  whilst  it  revolves 
on  its  axis :  as  it  advances  almost  a  degree  westward  in  its  orbit,  in  the 
same  time  that  it  completes  a  revolution  eastvrard  on  its  axis,  it  must 
revolve  nearly  one  degree  more  in  order  to  bring  the  same  meridian  back 
to  the  sun.  These  small  daily  portions  of  rotation  are  each  equal  to  the 
three  hundred  and  sixly-fillh  part  of  a  circle,  which  at  the  end  of  the  year 
amounts  to  one  complete  rotatiuu.  If  the  earth,  then,  had  no  other  than 
its  diurnal  motion,  we  should  have  3G6  days  in  the  year  ;  or  rather,  we 
should  have  366  days  in  the  same  period  of  time  that  we  now  have  365  ; 
fur  if  we  did  not  revolve  round  the  sun,  we  should  have  no  natural  means 
of  computing  years.  If  time  be  calculated  by  the  stars  instead  of  the  sun, 
the  irregularity  which  we  have  just  noticed  does  not  occur,  aud  that  one 
complete  rotation  of  the  earth  on  its  axis  brings  the  same  meridian  back 
to  any  fixed  stor  ;  and  yet  the  earth's  advance  in  her  orbit  must  change 
her  position  with  regard  to  the  fixed  stars,  as  well  as  with  regard  to  the 
sun  !  This  difficulty  is  explained  by  the  distance  of  the  fixed  stars,  which 
is  BO  immense,  that  our  solar  system  is  in  comparison  to  it  but  a  spot, 
and  the  whole  extent  of  the  earth's  orbit  but  a  point ;  therefore,  whether 
the  earth  remained  stationary,  or  whether  it  revolved  in  its  orbit  during 
itf  rotation  on  its  axis,  no  sensible  difference  would  be  produced  with 
regard  to  the  fixed  stars.  One  complete  revolution  brings  the  same 
meridion  back  to  the  same  fixed  star :  hence  the  fixed  stars  appear  to  go 
round  the  earth  in  a  shorter  time  than  the  sun  by  three  minutes  sixty- 
six  seconds  of  lime,  the  lime  which  the  earth  takes  to  perform  the  addi- 
tional three  hundred  and  sixty-fifUi  part  of  the  circle,  in  order  to  bring 
the  same  meridian  back  to  the  sun.  Hence  the  stars  gain  every  day  three 
minutes  fifty-six  seconds  on  the  sun,  which  makes  them  rise  that  portion 
of  lime  earlier  every  day. 

When  lime  is  calculated  by  the  stars,  it  is  called  sidereal  time  ;  when 
by  the  sun,  solar  or  apparent  time ;  and  a  sidereal  day  is  three  minutes 
(ifly-six  seconds  shorter  than  a  eolar  day  of  twenty-four  hours.  The 
difference  of  the  Bolu  and  ihs  sideful  year  must  aIio  ba  explained :  tin 
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common  year,  called  the  solar  or  tropical  year,  coalainiD^  365  days, 
5  hours,  48  minutea,  and  52  seconds,  is  measured  from  the  time  the  sun 
seta  out  from  one  of  the  equinoxes,  or  solstices,  till  it  returns  lo  the  same 
B|rain  ;  but  the  year  is  completed  before  Ihe  earth  has  finished  one  entire 
revolution  in  its  orbit.  This  is  owing  to  the  s)iheroidal  figure  of  the 
earth,  the  eleVHtion  about  the  equator  producing  much  the  same  efiect  as 
if  a  similar  mass  of  matter,  collected  in  the  form  of  a  moon,  revolved 
round  the  equator.  When  this  moon  acted  on  the  earth  io  conjunction 
with,  or  in  opposition  (o,  the  sun,  variations  in  Ihe  earih's  motion  would 
be  occasioned,  and  these  variations  produce  what  is  called  the  precession 
of  the  equinoxes.  The  equinoctial  points  are  therefore  not  quite  fixed, 
but  have  a  retrograde  motion  :  that  is  to  say,  instead  of  being'  every  revo- 
lution in  the  same  place,  they  move  backwards.  Thus,  if  the  vernal  equinox 
be  at  A  (Jig.  \b.  neit  page),  the  autumnal  one  will  be  at  B,  instead  of  C, 
and  the  Allowing-  vemul  equinox  at  D,  instead  of  at  A,  as  would  be  the 
case  if  the  equinoxes  were  stationary  at  opjwsite  points  of  the  earth's 
orbit :  BO  that  though  Ihe  earth  takes  half  a  year  to  move  from  one 
equinox  to  the  other,  it  has  not  then  travelled  through  half  its  orbit ;  and 
consequently,  when  it  returns  again  to  the  first  equinox,  it  has  not  com- 
pleted the  whole  of  its  orbit.  In  order  lo  ascertain  when  the  earth  has 
performed  an  entire  revolution  in  its  orbit,  we  must  observe  when  the 
sun  retires  in  conjunction  with  any  fixed  star ;  and  this  is  called  a  sidereal 
year.  Supposing  a  fixed  star  situated  atE,  the  sun  would  not  appear  in 
conjunction  with  it  till  the  earth  had  returned  to  A,  when  it  would  have 
completed  its  orbit.  The  sidereal  is  only  about  twenty  minutes  longer 
than  Ihe  solar  year,  so  thai  the  variatinn  of  the  equinoctial  points  is  very 
inconsiderable. 

In  regard  to  time,  we  must  further  add,  that  the  earth's  diurnal  motion, 
on  an  inclined  axis,  together  with  its  annual  revolution  in  an  elliptic  orbit, 
occasions  so  much  complication  in  its  motion  as  to  produce  many  irre- 
giilarilies :  therefore  true  equal  time  cannot  be  measured  by  the  sun.  A 
clock,  which  was  always  perfectly  correct,  would  in  some  parts  of  the 
jear  be  before  the  sun,  and  in  other  parts  after  it.  There  arc  but  four 
periods  in  which  the  sun  and  a  perfect  clock  would  agree,  which  are — the 
15th  of  April,  the  16lh  of  June,  the  31st  of  August,  and  the  24th  of 
December.  The  greatest  difference  between  solar  lime  and  true  time 
amounts  to  between  fifteen  and  sixteen  minutes.  Tables  of  the  equation 
of  time  are  cunstruclcd  for  the  purpose  of  pointing  out  and  correcting 
these  differences  between  solar  time  and  equal  or  mean  lime,  which  ia 
tlie  denomination  given  by  astronomers  to  true  time. 


SsonoN  IV.— On  Vie  Moon. 
Lbt  us  now  turn  our  attention  to  the  Moon.  This  satellite  revolfes 
round  the  earth  in  (he  spate  of  twenty- seven  days  eight  hours,  in  an  orbit 
nearly  coinciding  with  the  plane  of  the  earth's  orbit,  and  accompantes  us 
in  our  revolution  round  the  sun.  Her  motion,  therefore,  is  of  a  compli- 
cated nature  ;  for  as  the  earth  advances  in  her  orbit  whilst  the  moon  goes 
round  her,  the  moon  proceeds  in  a  sort  of  progressive  circle.  There  arc 
also  other  circumstances  which  interfere  with  the  simplicity  and  regularity 
of  tbe  moon  s  motion,  but  which  are  too  intricate  for  us  to  notice  at 


The  moon  always  presents  the  SDme  face  to  us,  by  which  it  is  evident 
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that  sb«  tiirnB  but  once  upon  her  aiia  while  she  perfonns  r  rendution 
rouni]  the  earth ;  bo  that  the  inhabitants  of  the  moon  have  hut  one  d^y 
and  one  night  in  the  course  of  a  lunar  month.  Since  we  olwaya  see  the 
aume  hemisphere  of  the  moon,  the  inhabitants  of  that  hemiEphere  alone 
can  perceive  the  earth.  One  half  of  the  mooDi  therefore,  enjoys  our  light 
every  night,  while  the  other  half  has  constantly  nights  of  darkness  ;  and 
we  appear  to  the  inhabitants  of  the  tnooB  under  all  the  changes  or  ph^es 
which  the  moon  exhihita  to  us. 


Fig.  15. 


Fig.  16. 
These  phaaes  require  some  explanation.  In^.  16,  let  ub  say  that  S 
represents  the  sun,  £  the  earth,  and  4BCD,  &c.  the  moon  in  different  parts 
of  her  orbiL  When  the  moon  is  at  A,  her  dark  Bide  being  turned  towards 
the  earth,  we  shall  not  see  her ;  but  her  disappearance  is  of  very  short 
duration,  and  as  she  advancei  in  her  orbit  we  perceive  her  under  the  form 
of  a  new  moon  :  when  she  has  gone  through  one-sixtli  of  her  orbit  al  3, 
one  quarter  of  ber  enlightened  bsmisphw*  will  be  tuntfd  Utqar^a  th€ 
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nrth,  and  she  will  then  appear  homed,  as  in  the  fi^ire  b :  when  she  has 
performed  one  quarter  of  her  orbit,  she  shows  us  one  half  of  her 
enlightened  side,  ns  at  C,  and  appears  as  in  (he  fifrui^  c;  at  D  she  is  said 
to  be  gibbous,  and  at  E  the  whole  of  the  enlightened  side  appears  to  us, 
and  the  moon  is  at  full.  As  she  proceeds  In  her  orbjt  she  becomes  again 
gibbous,  and  her  enlightened  hemisphere  turns  gTsduallf  away  from  us 
till  she  completes  her  orbit  and  disappears,  and  then  again  resumes  her 
form  of  a  new  moon.  The  small  ei:teriar  figures,  a,  b,  c,  d,  &.C.,  it  will 
be  seen,  represent  the  pbaaes  corresponding  to  the  situstiqnp  A<  B,  C.  D, 
&c. :  the  light  part  of  (he  figures,  a,  b,  c,  d,  Ac,  alone  being  supposed 
visible. 

When  the  moon  is  at  fhll,  she  is  said  to  be  in  opposition  ;  wheo  a  new 
moon,  to  be  in  conjunction  with  the  sun.  At  each  of  these  times,  the 
sun,  (he  moon,  and  tlie  earth  are  in  the  same  right  line  ;  but  in  the  first 
case,  the  earth  is  between  the  sun  and  the  moon  ;  in  the  secoqd,  the  moon 
is  between  the  sun  and  the  earth.  Aq  eclipse  can  take  place  only  when 
the  sun,  moon,  and  earth  are  in  a  tight  line.  When  the  moon  passes 
between  the  sun  and  the  earth,  she  in(ercep(a  his  rays,  or,  in  other  words, 
casts  a  shadow  on  the  earth :  then  the  sun  is  eclipsed,  and  the  daylight 
gives  place  to  darkness,  while  the  moon's  shadow  is  passing  over  us. 
When,  on  the  contrary,  the  earth  is  between  the  sun  and  the  [noon,  it  is 
we  who  intercept  (he  sun's  rays,  and  cast  a  shadow  on  the  moon ;  she 
then  disappears  from  our  view,  and  is  eclipsed. 

Why  then  have  we  not  a  solar  and  a  lunar  eclipse  every  month  ? 

The  planes  of  the  orbits  of  the  earth  and  moon  do  not  exactly  coincide, 
but  cross  or  intersect  each  other  ;  and  the  n^oon  geneially  passes  either  on 
one  side  or  the  other  when  she  is  in  conjunction  with,  or  in  opposition  to, 
the  sun,  and  iherefora  does  not  intercept  the  sun's  rays,  or  produce  mi 
eclipse  ;  for  this  can  take  place  only  when  the  earth  end  moon  are  in  con- 
junction near  those  parts  of  their  orbits  whicli  cross  each  other  (called  the 
Dodea  of  their  orbits),  because  it  is  then  only  that  they  are  both  in  the 
same  plane,  and  in  a  right  line  with  the  sun.  A  partial  eclipse  takes 
place  when  the  moon,  in  [wssing  by  the  earth,  does  not  entirely  escape 
her  shadow.  When  the  eclijise  happens  precisely  at  the  nodes,  they  ure 
not  only  total,  but  last  for  some  length  of  lime. 

When  the  sun  is  eclipsed,  the  total  darkness  is  confined  to  one  parti- 
cular part  of  the  earth.  In^;.  17  a  solar  eclipse  is  exhibited  :  8  is  the 
sun,  M  the  moon,  and  K  the  earth  i  and  tlie  moon's  shadow  is  not  la^ 
enough  to  cover  the  eartli. 

/%.  17 


The  lunar  eclipses,  on  the  contrary,  are  visible  from  every  part  of  tlM 
earth,  where  the  moon  is  above  the  horizon.  In  [fig.  IS.  S  repreeenU  the 
sun,  which  pours  forth  rays  of  light  in  straight  lines  in  every  direction; 
E  ia  the  earth,  and  H  the  moon.  Now  a  ray  of  light  coming  from  one 
extremity  of  the  sun's  disk  in  the  direction  AB  will  meet  another  coming 
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from  the  opposite  eilremity  in  the  direction  CB  ;  the  ihadow  of  tlie  earth 
cannot,  therefore,  extend  beyond  B.  As  the  sun  is  lar^  than  the  earth, 
the  shallow  of  the  latter  is  conical:  it  gradually  diminishes,  and  is  much 
smaller  than  the  earth  where  the  moon  passes  through  it,  and  yet  we  find 
the  moon  to  be  not  only  totally  eclipsed,  but  some  length  of  time  in 
darkness.  The  moon,  shining;  only  by  reflected  light,  disappears  abso- 
lutely  when  the  light  of  the  sun  is  intercepted  from  her.  She  does  not, 
therefore,  become  invisible,  like  the  sun,  only  from  particular  spots  on  the 
earth's  surface,  but  absolutely  and  universally,  until  the  light  of  the  sun 
b^ins  to  shine  upon  her  again.  The  length  of  an  eclipse  depends  on  the 
respective  distances  and  magnitudes  of  the  sun,  earth,  and  moon.  The 
diameter  of  the  moon  is  about  ^  of  that  of  the  earth,  or  the  whole  bulk 
of  the  earth  about  49  times  that  of  the  moon. 

When  the  moon  eclipses  the  sun  lo  us,  the  earth  is  eclipsed  to  the  moon ; 
for  if  the  moon  intercepts  the  sun's  rays,  and  casta  a  shadow  on  us.  we 
must  necessarily  disappear  to  the  moon,  but  only  partially — a  Uacic  spot 
will  appear  to  pass  over  the  earth,  as  in  6gure  17. 

In  the  distant  planets,  few  days  elapse  without  an  eclipse  taking  place ; 
for  among  the  number  of  satellites,  one  or  other  of  them  is  continually 
passing  into  the  shadow  of  the  planet,  or  between  the  planet  and  the  sun. 
Astronomers  are  so  well  acquainted  with  the  motion  of  the  planets  and 
their  satellites,  that  they  have  calculated  not  only  the  eclijises  of  our 
moon,  but  those  of  Jupiter,  with  such  perfect  accuracy,  that  it  has  afibrded 
a  means  of  ascertaining  the  longitude.  When,  as  on  land,  we  know  where 
we  are  situated,  there  is  no  difficulty  in  ascertaining  the  latitude  or  longi- 
tude of  the  place  by  referring  to  a  map;  but  the  question  is  to  Rnd  out 
our  situation  when  we  do  not  know  where  we  are :  for  instance,  at  sea, 
inlcmipted  in  our  course  by  storms,  a  map  would  afford  no  assistance  in 
discovering  where  we  were,  "nie  latitude  may  be  found  by  taking  the 
altitude  of  the  pole ;  that  is  to  say,  observing  the  number  of  degrees  that 
it  is  elevated  above  the  horizon,  fur  the  pole  appears  more  elevated  as  we 
approach  it,  and  less  as  we  recede  from  it.  It  is  true  that  the  pole  is  not 
visible  to  us ;  but  the  north  pole  points  constantly  towards  one  particular 
part  of  the  heavens,  near  which  a  star  is  situated,  called  the  Polar  Star. 
The  altitude  of  the  polar  star  is  therefore  near!y  the  same  number  of  degrees 
as  that  of  the  pole;  and,  as  this  star  is  visible  in  clear  nights  from  every  part 
of  the  northern  hemisphere,  it  furnishes  an  easy  mode  of  ascertaining  the 
Htitude  in  all  that  half  of  the  world.  The  latitude  may  be  more  accu- 
rately determined  by  nther  observations,  which  may  be  made  on  the  sun 
or  any  of  the  fixed  stars ;  the  situation,  therefore,  of  a  vessel  at  sea,  with 
regard  to  north  and  south,  is  easily  ascertained.  The  difficulty  is  respecting 
east  and  west — that  is  to  say,  its  longitude.  As  there  are  no  eastern  poles 
fivm  which  we  can  reclcon  our  distance,  some  particular  spot  must  be 
fixed  upon  for  that  purpose.  The  English  reckon  from  the  meridian  of 
Greenwich,  where  the  Royal  Observatory  is  situated ;  in  French  maps, 
the  longitude  is  reckoned  from  Puis, 
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The  rolmlion  of  the  earth  on  its  axis  in  twentj-four  hours,  from  west  to 
east,  occasions,  as  we  have  already  seen,  an  apparent  motjun  of  the  sun 
and  slara  in  the  contrary  direction,  and  (he  sun  appears  to  g-o  round  the 
eartli  in  the  space  of  twenty-four  hours,  passing  over  fifteen  degrees,  or  a 
twenty-fourth  part  of  the  earth's  circumference  every  liour :  therefore,  when 
it  is  twelve  o'clock  in  London,  it  is  one  o'clock  in  any  place  situated  fifteen 
degrees  to  the  east  of  London,  as  the  sun  must  have  passed  the  meridian  of 
that  place  an  hour  before  be  reaches  that  of  London.  For  the  same  reason 
it  is  eleven  o'clock  to  any  place  situated  (i(\een  degrees  to  the  west  of 
Londoj),  as  the  sun  will  not  come  to  that  meridian  till  an  hour  later.  If, 
then,  the  captain  of  a  vessel  at  sea  could  know  precisely  what  was  the  hour 
at  Loudon,  he  could,  by  looking'  at  his  watch,  and  comparing  it  with  the 
hour  of  the  spot  in  whith  he  was,  ascertain  the  longitude.  For  this  pur- 
pose he  must  be  furnibhed  with  twu  watches — the  one  daily  regelated  by 
the  sun,  and  the  oihcr  unaltered.  The  former  would  indicate  the  hour 
of  the  place  in  which  he  was  situated,  and  the  latter  the  hour  of  London  ; 
and  by  comparing  them  together,  he  woulii  be  able  to  calculate  his  longi- 
tude :  this  mode  of  finding  the  lotirritude  is  universally  adopted.  Watches 
of  a  superior  construction,  called  chronometers,  or  time-keepers,  are  used 
for  this  purpose;  but  the  best  walclies  are  liable  to  imperfections,  and 
should  the  lime-keeper  go  loo  fast  or  too  slow,  there  wonld  b«  no  means 
of  ascertaining  the  error  :  implicit  reliance  cannot  consequently  be  placed 
upon  them. 

Recourse  is  therefore  had  to  the  eclipses  of  Jupiter's  sstelliles.  A  table 
is  made  of  the  precise  lime  at  which  the  several  moons  ore  eclipsed  to  a 
spectator  at  London.  When  they  appear  eclipsed  to  a  spectator  in  any 
other  spot,  he  may,  by  consulting  the  table,  know  what  is  the  hour  at 
London ;  for  the  eclipse  is  visible  at  the  name  moment  from  whatever 
place  on  the  earth  it  is  seen.  He  has  then  only  to  look  at  the  walch 
which  points  out  the  hour  of  tlie  place  in  which  he  is,  and  by  ohserving 
the  difference  of  time  there,  and  at  London,  he  may  immediately  determine 
his  longitude. 

Let  us  suppose  that  a  certain  moon  of  Jupiter  is  always  eclipsed  at  six 
o'clock  in  the  evening  atLondon,  and  that  aman  at  sea  consults  his  watch, 
and  finds  that  it  is  ten  o'clock  at  night  where  he  is  situated,  at  the  moment 
the  eclipse  takes  place  ;  be  would  be  sixty  degrees  east  of  London;  for  the 
suti,  which  travels  (apparently)  fifteen  degrees  an  hour,  must  have  passed 
his  meridian  four  hours  before  it  reaches  that  of  London  ;  for  (his  reason, 
the  hour  is  always  later  than  in  London  when  the  place  is  east  longitude, 
and  earlier  when  it  is  west  longitude.  Tlius  the  longitude  can  be  ascer- 
tained whenever  the  eclipses  of  Jupiter's  moons  are  visible. 

The  latitude  shows  on  what  meridian  you  are  situated,  and  the  longi- 
tude on  what  part  of  that  meridian  ;  therefore,  when  you  can  ascertain 
both  these,  you  discover  the  very  spot  in  which  you  are  situated.  But  it 
is  not  only  the  secondary  planets  which  produce  eclipses,  for  the  primary 
planets  near  the  sun  eclipse  him  lo  those  at  a  greater  distance,  when  they 
come  in  conjunction  in  the  nodes  of  their  orbits ;  but  as  the  primary 
planets  are  much  longer  in  performing  their  course  round  the  sun  than 
the  satellites  iu  going  round  their  primary  planets,  these  eclipses  very 
seldom  occur. 

Mercurj-  and  Veoua  have  however  passed  in  a  right  line  between  the 
earth  and  the  sun,  hut  being  at  so  great  a  distance,  their  shadows  did  not 
extend  so  far  as  the  earth.  No  darkness  was  therefore  produced  on  any 
part  of  OUT  globe ;  but  the  planet  appeared  like  a  sdmU  black  spot. 
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pnaring^  Ktou  the  sun'l  disk :  this  is  called  a  transit  of  the  (iluiet.  It 
was  by  the  last  U-anail  of  Venus  that  astronomera  were  enabled  to  calcu- 
Ittte  ftith  some  degree  of  accuracy  the  distance  of  the  earth  from  the  suu, 
■ad  the  dimensions  of  the  latter. 

The  tides  are  produced  by  the  attraction  of  the  moon.  The  cohesion  of 
fluids  beiDg  much  less  than  that  of  solid  bodies,  they  more  easily  yield  to 
the  potrer  of  f^vity ;  In  consequence  nf  which  the  waters  immediately 
-  below  the  moon  are  drawn  up  In  a  protuberance,  producing  a  full  tide,  or 
whkt  Is  commonly  called  high-water,  at  the  spot  where  it  happens. 
According  to  this  theory,  ynu  would  imagine  that  we  should  have  full  tide 
only  once  in  twenty-four  hours — that  is,  every  time  that  we  were  below 
the  moon — while  we  find  that  we  have  two  tides  in  the  course  of  twenty- 
four  hours,  and  that  it  is  high-water  with  us  and  with  our  antipodes  at 
die  same  time. 

This  opposite  tide  is  rather  more  diiGcuIt  to  eEplain  than  that  which  is 
drawn  up  beneath  the  moon.  In  order  to  render  the  question  more  sim< 
pie,  let  lib  suppose  the  earth  to  be  everywhere  covered  by  the  ocean,  as 
iajig.  19.  M  is  the  moon,  ABCD  the  earth.  Now  the  waters  on  the 
surtkce  of  the  earth  about  A,  being  more  strongly  attracted  than  in  any 


Fig.  19. 
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other  part,  will  be  elevated,  the  attraction  of  the  moon  at  B  and  G  being 
leas ;  but  still  it  will  be  greater  there  than  al  D,  which  is  the  part  most 
distant  from  the  mnon.  The  body  of  the  earth  will  therefore  be  drawn 
sway  from  the  waters  at  D,  leaving  a  protuberance  similar  lo  that  at  A : 
•0  that  the  tide  A  Is  produced  by  the  waters  receding  from  the  earth,  and 
the  tide  D  by  the  earth  receding  from  the  waters. 

The  influetiee  of  the  sun  on  the  tides  is  less  than  that  of  the  moon  ;  for 
observe,  that  the  tides  rise  in  consequence  of  the  moon  attracting  one 
part  of  the  watere  mure  forcibly  than  another  part;  it  is  this  inequality  of 
atlnctioti  which  produces  full  and  ebb  tides.  Now  the  distance  of  the 
sun  is  so  great,  that  the  whole  globe  of  the  earth  is  comparatively  hut  as 
a  point,  and  the  difference  of  its  attraction  for  that  part  of. the  waters 
most  uDder  its  influence,  and  that  part  least  subject  to  it,  is  but  trifling ; 
no  part  of  the  waters  will  be  much  elevated  above,  or  much  depressed 
below  their  general  BUrface  by  its  action.  The  sun  has,  however,  a  con- 
siderable effi;ct  on  the  tides,  and  increases  or  diminishes  them  as  it  acts 
in  conjunction  with,  or  in  opposition  to,  the  moon. 

The  moon  is  a  month  in  going  round  the  earth ;  twice  during  that 
time,  therefore,  at  full  and  at  change,  she  is  in  the  same  direction  as 
the  sun.  Both  then  act  in  conjunction  on  Ihe  earth,  and  produce  very 
gteat  tides,  called  spring-tides,  as  represented  in^.  20,  at  A  and  B  ;  but 
when  the  moon  is  at  the  intenaediate  parts  of  her  orbit,  the  sun,  instead 
of  affi>rdiag  assistaaee,  weakens  her  power  by  acting  in  opposition  to  it ; 
and  smaller  tides  are  produced;  called  neap-tides,  as  represented  in  fig.  21. 
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Since  attracUoti  Is  muti»l  between  the  moon  and  lh«  earth,  ne  pro- 
duce tides  in  the  moon  ;  and  these  Are  more  considerable,  in  proportion 
as  our  planet  is  Isrgefr,  Neither  the  moon  nor  the  earth  in  reality  assuma 
an  oval  fortH,  for  the  land  which  intersects  the  water  destrnja  the  regu- 
larity of  the  effect.  The  orbit  of  the  moon  being  nearly  parallel  to  that 
of  the  earth,  she  is  never  veHical  but  to  the  inhabitants  of  the  torrid  tone : 
In  that  climate,  therefore,  the  lEdes  are  greatest,  and  they  diminish  as  you 
recede  from  It  and  approach  the  poles  i  but  in  no  part  of  the  globe  Is  the 
mooi)  iihmediately  above  the  spot  where  it  is  high  tide.  All  matter,  by 
its  inertia,  oflbrs  some  resistance  to  a  change  of  state ;  the  waters, 
therefore,  do  not  readily  yield  to  the  attraction  of  the  moon,  and  the 
ef^ct  of  her  Influence  fs  not  complete  until  some  time  after  she  haa 
passed  the  meHdlan. 

The  earth  revolves  on  its  axis  in  about  twenty-four  hours :  if  Ihe  moon 
were  stationary,  therefore,  the  same  part  of  our  Rlolje  would,  every  twenty- 
four  hours,  return  beneath  the  moon  {  but  as  during  our  daily  revolullon 
the  moon  advances  in  het  orbit,  the  earth  must  mAe  more  than  a  com- 
plete rotation  in  order  to  bring  the  same  meridian  opposite  the  moon  :  we 
^re  three-quarters  of  an  hour  in  overtaking  her.  The  tides,  thnvfore,  are 
retarded,  for  the  same  reason  that  the  moon  rises  later,  by  three-quarters 
of  an  hour  CverJ  day.  This,  however,  is  only  the  average  amount  of  the 
reterdation.  The  tirhe  of  the  highest  tide  is  modified  by  the  sun's 
attraction,  and  is  between  those  of  the  tides  which  would  be  produced  by 
the  separate  action  of  the  two  luminaries.  The  action  of  the  sun,  there- 
fore, makes  the  interval  different  on  different  days,  but  leaves  the 
average  amount  unaffected 
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Section  I. — On  the  MetAanuxU  Propertiet  of  Fluid*. 

The  science  of  the  raecharicBl  properties  of  fluids  is  called  Hydrostattt.'s. 
A  fluid  is  a  substance  wliich  yields  to  the  slightest  pressure.  If  you  dip 
your  hand  into  a  basin  of  water,  you  are  scarcely  sensible  of  meelin>r 
with  any  resistaoce.  Fliiids,  generally  speaking,  are  bodies  of  less  density 
than  solids.  From  the  slight  cohesion  of  tlieir  particles,  and  the  facility 
with  which  these  elide  over  each  other,  it  is  conjectured,  that  they  must  be 
small,  Ginooth,  and  globular;  smooth,  because  there  appears  to  be  little 
or  no  friction  among'  them  ;  and  globular,  because  touching  each  other 
but  by  a  point  would  account  for  the  ntightness  of  their  cohesion. 

Fluids  are  divided  into  two  classes,  distinguished  by  the  names  of 
liquids  and  elastic  fluids,  or  gases,  which  latter  comprehends  the  air 
of  the  atmosphere,  and  all  the  various  kinds  of  air  with  which 
chemistry  makes  ub  acquainted.  We  shall  cunline  our  attention  at 
present  to  the  mechanical  properties  of  liquids  or  non-elastic  fluids. 

Water,  and  liquids  in  general,  are  little  susceptible  of  being  compressed, 
or  squeezed  into  a  smaller  space  than  that  which  they  naturally  occupy. 
This  is  supposed  to  be  owing;  to  the  extreme  minuteness  of  their  particles, 
which,  rather  than  submit  to  compression,  force  their  way  through  the 
pores  of  the  substance  which  confines  them,  as  was  shown  by  a  cele- 
brated experiment,  made  at  Florence  many  years  ago.  A  hollow  globe 
of  gold  was  filled  with  water,  and  on  its  being  submitted  to  great  pressure, 
the  water  was  seen  to  exude  through  the  pores  of  the  gold,  which  it 
covered  with  a  fine  dew.  But  more  recent  experiments,  in  which  water 
lias  been  confined  in  slrong  iron  tubes,  prove  that  it  is  susceptible  of 
compression. 

Liquids  are  porous,  like  solid  bodies,  but  the  pores  ar«  too  iniaute  to  be 
discovered  by  the  most  powerful  microscope.  The  existence  of  pores  in 
liquids  can  be  ascertained  by  dissolving  solid  bodies  in  them.  If  you 
melt  some  salt  in  a  glass  full  of  water,  the  water  will  not  overflow, 
because  the  particles  of  salt  will  lodge  themselves  in  the  pores  of  the 
liquid,  so  that  the  salt  and  water  together  will  not  occupy  mure  space  than 
tbts  water  did  alone.  If  you  attempt  to  melt  more  salt  than  can  find  room 
within  these  pores,  the  remainder  will  subside  at  the  bottom,  aiid  occu- 
pying a  space  which  the  water  filled  before,  oblige  the  latter  to  overflow. 
Spirit  of  wine  may  also  be  poured  into  water  without  adding  to  the  bulk, 
as  the  spirit  will  introduce  itself  into  the  pores  of  the  water. 

Fluids  show  the  effects  of  gravitation  in  a  more  perfect  manner  than 
solid  bodies ;  the  strong  cohesive  attraction  of  the  particles  of  the  latter 
in  some  measure  counteracting  tlie  efiect  of  gravity.  In  a  table,  for 
instance,  the  slrong  cohesion  of  the  partiales  of  wood  enables  four  slender 
legs  to  support  a  considerable  weight.  Were  the  cohesion  so  &r  destroyed 
as  Id  convert  the  wood  into  a  fluid,  no  support  could  be  afforded  by  the 
legs ;  for  the  particles  no  longer  cohering  together,  each  would  press 
sn))arate1y  and  independently,  and  would  be  brought  to  a  level  with  the 
surface  of  the  earth. 
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IliB  deficiency  of  cohesion  is  the  reason  wliy  fluids  can  never  be  tormtd 
into  figures  or  in&intBliied  in  heaps  ;  for  though  it  is  true  the  wind  raises 
water  into  waves,  ihey  are  immediately  afterwards  destroyed  by  gravity. 
Thus  liquids  always  find  their  level.  The  deGnition  of  the  equilibrium  of 
a  fluid  is,  that  every  port  of  the  surface  is  equally  distant  from  the  point  (o 
which  gravity  tends ;  that  is  to  say,  from  the  centre  of  the  earth.  Hence 
the  surface  of  all  fluids  moat  partake  of  the  spherical  form  of  the  globe  and 
be  bulging.  This  is  evident  in  lai^e  bodies  of  water,  such  as  the  ocean  ; 
but  the  sphericity  of  small  bodies  of  water  is  so  trifling  as  to  render  their 
■ur&ces  apparently  flaL 

The  equilibrium  of  fluids  is  the  URtunil  result  of  thdr  particles  gravitating 
independently  of  each  other  ;  for  when  any  particle  of  a  fluid  accidentally 
finds  itself  elevated  above  the  rest,  it  is  attracted  down  to  the  level  of  the 
surfiue  of  the  fluid,  and  the  readiaeas  with  which  fluids  yield  to  the  slightest 
pressure,  will  enable  ihe  particle  by  its  weight  to  penetrate  the  surface  of 
the  fluid  and  mix  with  it  But  this  is  the  case  only  with  fluids  of  equal 
density,  for  a  light  Quid  will  float  on  the  surface  of  a  heavy  one,  aa  oil  on 
water;  and  air  will  rise  to  the  surface  of  any  liquid  whatever,  being  forced 
up  by  the  superior  gravity  of  the  liquid.  Fig.  1.  represents  an  instrument 
Fig.  1.  oalled  a  water-level,  which  is  constructed 

.A  B|        upon  the  principle  of  the  equilibrium  of 

eg        to    fluids.     It  consists  of  a  short  tube,  AB. 

•  '        closed   at    both    ends,   and  containing 

water  and  a  bubble  of  air  ;  when  the  tube  is  not  perfectly  horizontal  the 
water  runs  to  the  lower  end,  which  makes  the  bubble  of  air  nse  to  Ihe 
upper  end,  and  it  remaitis  in  the  centre  only  when  the  tube  does  not 
incline  on  either  side.  It  is  by  this  means  that  the  level  of  any  situation, 
to  which  we  apply  the  instrument,  is  ascertained. 

Solid  bodies,  therefore,  gravitate  in  masses,  the  strong  cohesion  of  their 
particles  making  them  weigh  altogetlier,  while  every  particle  of  a  fluid 
may  be  considered  as  a  separate  mass,  gravitating  independently.  Hence 
ihe  resistance  of  a  fluid  is  considerably  less  than  that  of  a  solid  body. 
The  particles  of  fluids  acting  thus  independently,  press  against  each  other 
in  every  direction,  not  only  dowuwards  but  upwards,  and  laterally  or 
sideways;  and  in  consequence  of  this  equality  uf  pressure,  every  particle 
remains  at  rest  in  the  fluid.  If  you  agitate  the  fluid,  you  disturb  this 
equality,  and  the  fluid  will  not  rest  till  its  e<iuilibrium  be  restored. 

Were  there  no  lateral  pressure,  water  would  not  flow  from  an  opening 
on  the  side  of  a  vessel ;  sand  will  not  nin  nut  of  such  on  opening,  bcCDUw 
there  is  scarcely  any  lateral  pressure  among  the  particles.  Were  the 
Fin  2  P^'''''^'^^  °^  fluids  arranged  in  regular  columns,  as  in  Jig.  2, 
°'  '  there  woulii  be  no  lateral  pressure,  fur  when  one  particle  is  per- 
~-^^  peiidicularly  above  the  other,  it  can  only  press  it  downwards  ; 
but  as  it  must  continually  happen  that  a  particle  presses  between 
two  particles  beneath  (Jig.  3),  these  last  suffer  a  lateral  pressure ; 
jusi  as  a  wedge  driven  into  a  piece  of  wood  separates  the  parts 
■  The  lateral  pressure  is  the  result  therefore  of  the  pressure 
downwards,  or  the  weight  of  the  liquid  above  ;  and  consequently 
the  lower  the  orifice  is  made  in  the  vessel,  the  greater  will  be 
the  velocity  of  the  water  rushing  out  of  iL  Fig.  4  represents 
the  different  degrees  of  velocity  with  which  a  liquid  flows  from 
a  vessel  furnished  with  three  stop-cocks  at  different  heights.  Since  tlie 
lateral  pressure  is  entirely  owing  to  Uie  pressure  downwards,  it  is  not 
affected  by  the  horizontal  dimensions  of  the  vessel,  which  contains  the 
liquid,  but  merely  by  its  depth ;  for  as  everv  particle  acts  indepeodenllj  ol 
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the  rest,  it  is  only  the  cotumn  of  particles  immetlinlely  ulwve  the  orifice 
that  can  weigh  upon  and  press  out  the  IU|ui(). 

In  a  cubical  vessel,  the  pressure  donnwurdn  will  be  double  the  lateral 
pressure  on  one  side,  for  everj  particle  at  ihe  boltnm  or  Ihe  ves!«l  is 
pressed  upon  b;  a  column  of  the  whole  depih  of  the  fluid,  whilst  the 
lateral  pressure  diminishes  equably  from  the  bottom  upwards  to  tlie  sur< 
face,  where  the  particles  have  no  pressure. 

The  pressure  of  fluids  upwards,  though  it  seems  in  direct  opposition 
to  gravity,  is  also  a  consequeuce  of  their  pressure  downwards.  When, 
for  example,  water  is  poured  into  a  tea-pot,  the  water  rises  in  the  spout 
to  B  level  with  that  in  the  pot.  The  particles  of  water  at  the  bottom 
of  the  pot  are  pressed  upon  by  the  particles  above  them  ;  to  this 
pressure  they  will  yield,  if  there  is  utiy  mode  of  making  way  for  the  su- 
perior particles,  and  as  ihey  cannot  descend,  they  will  change  their  direc- 
tion and  rise  in  the  spout 

Suppose  Ihe  teapot  to  be  filled  with  columna  of  parliclea  of  water 
'  uilar  to  that  described  in  fig.  b,  the  particle  1  at  the  bottom  will  be 
pressed  laterally  by  the  particle  2, 
and  by  this  pressure  be  forced  into 
the  spout,  where,  meeting  with  the 
particle  3,  it  presses  it  upwards,  and 
this  pressure  will  be  continued  from 
S  to  4,  from  4  to  5,  and  so  on,  till  the 
water  in  the  spout  has  risen  to  a  level 
with  that  in  the  pot. 

You  may  also  reverse  the  expern 
ircnt  by  pourintr  water  into  the  spout,  and  you  will  find 
that  the  water  will  rise  in  ihe  pot  (□  a  level  with  that  in 
the  spout,  for  the  pressure  of  the  small  quantity  of  water 
lu  the  spout  will  force  up  and  support  the  larger  quantity 
in  the  pot.  But  this  will  be  better  exemplified  hyfig.  6, 
in  which  a  goblet  is  filled  by  means  of  a  narrow  tube.  In 
the  pressure  upwards,  as  well  as  that  laterally,  the  force 
results  entirely  IVum  the  height,  and  is  quite  independent 
of  the  horizontal  dimensions  of  the  fluid.  The  tube,  hQw- 
ever,  could  never  be  filled  by  pouring  water  into  the  goblet, 
because  (he  Wiiter  in  Ihe  [roblet  cannot  force  that  in  the  tube 
above  its  own  level,  and  aa  the  end  of  the  tube  is  considi^ra- 
bly  highest,  if  water  be  poured  into  the  goblet  after  it  is  full, 
it  will  run  over  instead  of  rising  in  tlie  tube  aboTe  the  level. 
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The  specific  gravity  of  a  body  meiiiis  Eimply  IIh  weight  compared  with 
that  of  another  body  of  the  eame  size.  When  we  say  that  aubslaucea, 
such  as  lead  and  stoneii,  ate  heavy,  and  that  others,  sucb  aa  paper  and 
feathers,  are  light,  we  apedi  comparatlTely  :  that  is  to  say,  that  the  first  are 
heavy,  and  the  latter  light,  in  comparison  with  the  g'enerality  of  the  sub- 
Btancea  in  nature.  Mahogany  is  a  heavy  body  when  campared  to  most  other 
kinds  of  wood,  but  light  when  compared  to  stone.  Chalk  is  a  heavy  body 
compared  to  coal,  but  light  if  compared  to  metal.  Yuu  perceive  therefore 
thai  our  notions  of  light  and  heavy  are  vague  and  undefined,  and  that 
some  standard  of  comparison  is  required,  to  which  the  weight  of  all  other 
bodies  may  be  referred,  l^e  body  which  has  been  adopted  as  a  standard 
of  reference  is  distilled  water.  It  may  perhaps  appear  surprising  that  a 
fluid  should  have  been  chosen  for  this  purpose,  as  it  must  necessarily  be 
contained  in  some  vessel,  and  the  weight  of  this  vessel  must  be  deducted. 
Thlk  is  true,  when  the  npecific  gravity  of  fluids  is  to  be  estimated  ;  but 
with  Kgard  to  solids,  it  is  necessary  simply  to  weigh  the  body  under  trial 
In  water.  If  a  piece  of  gold  be  weighed  in  a  glasn  of  water,  the  gold  will 
displace  just  as  much  water  as  is  equal  to  its  own  bulk :  a  cubic  inch  of 
water  must  make  way  for  a  cilbic  inch  of  gold.  The  bulk  alone  is  to  be 
considered,  the  weight  has  nothing  to  do  with  the  quantity  of  watet  db- 
(tlaced }  for  a  cubic  inch  of  gold  does  not  occupy  more  space,  and  there- 
fore will  not  displace  more  water,  than  a  cubic  inch  of  ivory,  or  Kn;  other 
subetance  that  will  sink  in  water. 

The  gold  will  weigh  lees  in  water  than  it  did  out  of  it,  on  account  of 
the  upward  pressure  of  the  particles  of  water,  which  in  some  meosiUe 
supports  the  gold,  and  by  so  doing,  diminishes  its  weight.  If  the  body 
UMer  trial  be  of  the  same  weight  as  the  water  in  which  it  is  immersed,  it 
will  be  wholly  suppoKed  by  il,  as  was  the  water,  the  place  of  which  it 
occupiei ;  If  it  be  heavier,  the  water  will  offer  some  resistance  to  its 
descent ;  and  this  resistance  will  in  all  cases  be  the  same  to  bodies  of 
equal  bulk,  whatever  be  their  weight.  All  bodies  of  the  same  size,  there- 
fore, lose  the  same  quantity  of  their  weight  when  completely  imroeraed 
in  water.  A  body  weighed  in  water  loses  as  much  of  its  weight  as  is 
equ^  to  that  of  the  water  it  displaces ;  b«  that  were  this  water  put  into 
the  seals  to  which  the  bmly  Is  suspended,  it  would  restore  the  balance. 

These  observations,  however,  require  some  modificalion  when  applied 
to  the  case  of  bodies  lighter  than  an  equal  bulk  of  water,  and  which, 
therefbre,  do  not  sink  entirely  in  water.  The  metliod  of  ascertainina* 
their  specific  gravity  will  be  presently  pointed  uuL  At  present' we  may 
observe,  that  the  rule  given  above  has  an  application  even  to  them,  if 
forcibly  immersed  in  water ;  but  the  resistance,  or  upper  pressure  of  the 
water,  being  greater  than  the  weight  of  the  body,  that  weight  is  not 
merely  diminished,  but  the  body  baa  a  tendency  upwartU  equal  to  the 
difference  between  the  resistance  and  its  weight. 

When  a  body  is  weighed  in  water,  in  order  to  ascertain  its  specific 
gravity,  it  may  either  be  suspended  to  a  hook  at  the  bottom  of  the  basin 
of  the  balance,  or,  taking  oD'  the  basin,  suspended  to  the  arm  of  the 
balance  i/ig.  7).  Now,  supposing  tbat  a  cubic  inch  of  gold  weighed 
nineteen  ounces  out  (rf*  water,  and  lost  one  ounce  by  being  weiglted  in 
water,  the  cubic  inch  of  water  it  displaces  must  weigh  that  one  ounce: 
coiuequeatly  gold  would  be  nineteen  times  as  heavy  as  water. 

The  specific  gravity  of  a  body  ligbl«r  ttiau  water  cannot  be  ascertained 
in  the  same  manner.  If  a  body  were  absolutely  light,  it  would  float  on 
tiie  eurface  without  displacing  a  drop  of  water ;   but  bodies  have  all  some 
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weight,  and  will,  tberefore,  displnce  some  quantity  of  waler.  A  body 
lighter  than  water  will  not  wok  to  a  level  with  the  surrace  of  the  water, 
and  therefore  will  not  displace  so  much  water  as  k  equal  to  it«  bulk,  but 
a  quantity  equal  to  its  weight.  A  Bhip  sinks  to  Bome  deplti  in  water,  and 
the  heavier  it  is  laden  the  deeper  it  sinks,  the  quantity  of  water  it  dis- 
places being  always  equal  to  its  weight.  This  quantity  cannot,  however, 
afford  a  convenieut  teat  of  its  specific  gravity,  from  the  difficulty  oi 
collecting  the  whale  quantity  of  waler  displaced,  and  of  measuring  the 
exact  bulk  of  the  body  immersed. 

In  order  practically  to  obtain  the  speciftc  gravity  of  a  body  whidi  is 
lighter  than  water,  a  heavy  one,  whose  specitic  gjBTity  is  known,  must  be 
attached  to  it,  and  they  must  be  immersed  together:  the  specific  gravity 
of  the  lighter  body  may  then  be  easily  calculated. 

Bodies  which  have  exactly  the  same  specific  gravity  as  water,  will  remain 
at  rest  in  whatever  situation  they  are  placed  in  waler.  If  a  piece  of  wood, 
by  being  impregnated  with  a  little  sand,  be  rendered  precisely  of  the 
weight  of  an  equal  bulk  of  water,  it  wiU  remain  stationary  iu  whatever 
part  of  a  vessel  of  water  it  be  placed.  If  a  few  drops  of  water  be  poured 
into  the  vessel  (so  gently  as  not  to  increase  their  momentum  by  giving 
tliem  velocity),  ihey  would  mix  with  the  water  at  the  surface,  and  not  sink 
lower. 

The  specific  gravity  of  fluids  is  found  by  means  of  an  instrument 
called  an  hydrometer.     IL  consists  of  a  thin  glass  ball,  A 
(Jig.  8),  with  a  graduated  tube.B,  and  the  specific  gravity  of 
the  liquid  is  estimated  by  the  depth  to  which  the  instrument 
.  sinkB  in  it,  for  the  less  the  specific  gravity  of  ihe  fluid,  the 
Uurther  will  the  instrument  sink  in  it.     There  is  a  smaller 
J  ball,  C,  attached  to  the  instrument  below,  which  contains  a 
n  mercury ;   but  this  is  merely  for  the  purpose  of  equi- 
poising the  instrument,  that  it  may  remain  upright  iu  the 
'   liquid  under  trial. 

The  weight  of  a  substance,  when  not  compared  to  that  of  any  other,  is 
perfectly  arbitrary ;  and  when  water  is  adopted  as  a  standard,  we  may 
denominate  its  weight  by  any  number  we  please ;  but  tiien  the  weight  of 
all  bodies  tried  by  this  standard  must  be  signified  by  proportional  num- 
bers. If  we  call  the  wei^tof  water,  fnr  example,  1,  then  that  of  gold 
would  be  19;  or,  if  we  call  the  weight  of  waler  1000,  that  of  gokl 
would  be  19,000.  In  short,  the  specific  gravity  indicates  bow  much 
more  or  less  a  body  WNghs  than  au  equal  bulk  of  water. 
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Sbction  II. — On  Spring!,  Pountaitu,  /fc 

Let  us  now  turn  our  attention  to  the  Tuioua  slates  m  which  the  water 
belonging  to  our  globe  exists.  It  is  the  same  water  which  successively 
forms  seas,  rivers,  springs,  clouds,  rain,  and  sometimes  hail,  snow,  and 
ice.  We  will  follow  it  through  these  various  changes,  and  consider  how 
(he  clonda  were  originally  formed.  When  the  first  rays  of  the  sun  warm 
the  snrTace  of  the  earth,  the  heat,  by  separating  the  particles  of  water, 
tninsfonns  them  into  vapour,  which,  being  lighter  than  the  air,  ascends 
into  the  atmosphere.  The  atmosphere  diminishing  In  density  as  it  is 
more  distant  from  the  earth,  the  vapour  which  the  sun  causes  to  exhale, 
not  only  from  seas,  rivers,  and  lakes,  but  likewise  from  the  moisture  on 
tjie  land,  rises  till  it  reaches  a  region  of  air  of  its  own  specific  gravity, 
and  there  it  remains  statiansry.  By  the  frequent  accession  of  fresh 
vapour  it  gradually  accumulates,  so  as  to  form  those  large  bodies 
of  vapour  which  we  call  clonda;  and  these  at  length  becoming  too  heavy 
for  the  air  to  support,  fall  to  the  earth  in  the  form  of  rain.  If  the 
watery  parlicles  retWDed  the  state  of  vapour,  they  would  descend  only 
till  they  reached  a  stratum  of  air  of  their  own  specific  gravity  ;  but  during 
their  fail  several  of  the  watery  particles  come  within  the  sphere  of  each 
other's  attraction,  and  unite  in  the  form  of  a  drop  of  water.  The  vapour, 
thus  transformed  into  a  shower,  is  heavier  than  any  part  of  the  atmos- 
phere, and  consequently  descends  to  the  earth.  Observe,  that  if  the  waters 
were  never  drawn  out  of  the  earth,  vegetation  would  be  destroyed  by  the 
excess  of  moisture ;  if,  on  the  other  hand,  the  plants  were  not  nourished 
and  refreshed  by  occasional  showers,  the  drought  would  be  equally  fatal 
to  them.  Were  the  clouds  constantly  in  a  state  of  vapour,  they  could 
never  foil  to  the  ground ;  or  were  the  power  of  attraction  more  than  suffi- 
cient to  convert  the  vapour  into  drops,  it  would  transform  the  cloud  into 
a  mass  of  water,  which,  instead  of  nourishing,  would  destroy  ihe  produce 
of  the  earth.  We  cannot  consider  any  part  of  Nature  attentively  without 
being  struck  with  admiration  at  the  wisdom  it  displays  :  we  cannot  con- 
template these  wonders  without  feeling  our  hearts  glow  with  admiration 
and  gratitude  towards  their  bounteons  Author. 

Water,  then,  ascends  in  the  form  of  vapour,  and  descends  in  that 
of  rain,  snow,  or  hail,  all  of  which  ultimately  t>ecome  water.  Some  of 
this  falls  into  the  various  bodies  of  water  on  the  surface  of  the  globe,  the 
remainder  upon  the  land.  Of  the  latter,  port  re-ascends  in  the  form  of 
vapour,  pari  is  absorbed  by.the  roots  of  vegetables,  and  part  descends 
into  the  bowels  of  the  earth,  where  it  forma  springs.  The  only  difference 
between  rain  and  spring  water  consists  in  the  foreign  particles  which  the 
lalter  meets  with  and  dissolves  in  its  passage  through  the  various  soils  it 
traverses.  Spring  water  being  more  pleasant  to  the  taste,  and  more 
transparent,  is  commonly  supposed  to  be  more  pure  than  rain  water. 
Excepting  distilled  water,  however,  rain  water  is  really  the  most  pure  we 
can  obtain  :  it  is  this  which  renders  it  insipid,  whilst  the  various  salts  and 
diflerent  ingredients  dissolved  in  spring  water,  give  it  a  species  of  tiavour, 
without  in  any  degree  affecting  its  transparency  ;  and  the  filtration  it 
undergoes  through  gravel  and  sand  in  the  bowels  of  the  earth  cleanses  it 
from  ^1  foreign  matter  which  it  has  not  the  power  of  dissolving. 

When  rain  falls  on  the  surface  of  the  earth,  it  continaes  making  its  way 
downwards  tbrough  the  pores  and  crevices  in  the  ground.  Several  drops 
meet  ia  their  >ubterruieoua  pusage,  unite)  and  form  a  little  rivulet :  this. 
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in  its  progress,  meels  wi(h  other  rivulets  of  a  similar  description,  and  they 
pursue  their  eourse  together  in  tlie  interior  of  the  earth,  till  they  are 
stopped  by  some  substance  which  they  cannot  penetrate  ;  for  though 
we  have  Raid  that  water  under  strong  coijipretsion  penelratea  the  pores 
of  gold,  wlien  acted  upon  by  no  other  force  than  gravity  it  cannot  make 
its  way  even  through  a  stratum  of  cluy.  Tliis  species  of  earth,  though  not 
Temarkably  dense,  being  of  great  tenacity,  will  not  admit  the  passage  of 
water.  When,  therefore,  it  encounters  any  aubstanna  of  this  nature,  its 
progress  is  stopped,  and  the  pressure  of  the  accumulaling  waUra  forms  a 
bed,  or  reservoir.  ^  . 

Fig.  9  represents  a  section  of  the  interior  of  a  hill  or  monntain.     A  is  a 
body  of  water  such  as  I  have  described,  which,  when  filled  up  as  high  as 
B  (by  the  continual  accession  of  waters  it  receives  from  the  duels  or 
Fig  9. 


rivulets  a,  o,  n,  n),  finds  a  passage  out  of  the  cavity  ;  and.  impelled  by 
ft:ravily,  runs  on,  till  it  makes  its  way  out  of  the  ground  al  the  side  of  the 
hill,  and  there  forms  a  spring,  C.  Tlie  spring,  during  its  passage  from 
B  to  C,  rises  occasionally,  npon  the  same  principle  that  water  rises  In  the 
spout  of  a  tea-pot,  but  it  cannot  mount  above  the  level  of  the  reservoir, 
whence  it  issues  ;  it  must  therefore  find  a  passafje  to  some  part  of  the 
surface  of  the  earth  that  is  lower  or  nearer  the  centre  than  the  reservoir. 
Water  may  thus  be  conveyed  to  every  part  of  a  town,  and  even  to  the 
upper  stories  of  the  houses,  provided  that  it  he  originally  brought  from  a 
height  superior  to  any  to  which  it  is  conveyed. 

Reservoirs  of  water  are  seldom  formed  near  the  summit  of  a  hill,  for  in 
such  elevated  situations  (here  can  scarcely  be  a  sufficient  number  of  rills 
to  supply  one  ;  and  without  a  reservoir  there  can  be  no  spring.  Tn  such 
situations,  therefore,  it  is  necessary  to  dig  deep  wells,  in  order  to  meet 
with  a  spring;  and  (hen  it  can  rise  in  the  well  only  as  high  os  the 
reservoir  whence  it  flows. 

When  reservoirs  of  water  are  formed  in  very  elevaled  situations,  the 
springs  which  feed  it  descend  from  higher  hills  in  the  vicinity.  There  is 
a  lake  on  the  verv  summit  of  Mount  Cenis,  which  is  supplied  by  the  springs 
of  the  higher  Alps  surrounding  it. 

A  syphon  is  an  instrument  commonly  used  lo  draw  off  liquids  from 
large  casks  or  other  vessels  which  cannot  be  easily  moved.  It  consists 
simply  of  a  bended  tube.  If  its  two  legs  are  of  equal  length,  and  filleil 
with  liquid,  if  held  perfectly  level,  though  turned  downwards,  the  liquid 
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will  rot  flow  out,  but  remam  Butpended  in  (he  tube  (Jig.  10) ;  for  there 
ia  no  pressure  of  Die  atmoapliere  above  the  liquid,  while  there  is  a 
Fig  10,  P''^^*"^'  ^"'"^  below  upwards  upon  the  open  ends  of  the 
lube;  and  BO  long- BS  Ihia  pressure  is  equal  on  both  ends, 
the  liquid  canout  Sow  ouL;  hut  if  the  smulle.st  iiidiuation  be 
given  to  the  ^phou,  so  as  to  destroy  the  equilibrium  of  [he 
water,  it  will  immediately  flow  tram  the  lowest  leg.  When 
syphonB  are  uned  to  draw  off  liquids,  the  legs  are  made  of 
iirequal  lengths,  in  order  to  render  the  pressure  of  the  liquid 
unequal ;  the  shortest  leg  is  immersed  in  the  cask,  and  the 
liquor  flows  out  through  the  longest.  To  accomplish  this,  it 
is  however  necessary  to  make  the  liquor  rise  in  the  shortest 
teg,  and  pass  over  the  bended  pact  of  the  tube,  which  ia 
higher  th«n  the  level  of  the  liquor  in  the  cask.  There  are  two  modes  of 
doing  this :  one  is,  afler  iinmersiug  the  shortest  leg  in  the  liquor  to  be 
drawD  ofi*,  to  suck  out  the  air  of  the  tube  from  the  orifice  of  the  longest 
leg ;  then  the  liquor  in  the  cask,  which  is  exposed  to  the  pressure  of  tite 
atmosphere,  will  be  forced  by  it  into  the  tube  which  is  relieved  from 
pressure,  Aa  long  as  the  tu|)e  continues  full,  uo  air  can  gain  admitlance; 
the  liquor  will  therefore  flow  on  till  the  cask  is  emptied.  The  other  mode 
is  to  fill  (be  lyphoa  with  the  liquor,  then  stopping  the  two  ends  with  the 
fingers,  immerse  the  shortest  leg  in  the  vessel,  and  the  same  effect  will 
follow.  In  either  caae,  the  watei  in  the  highest  part  of  the  syphon  must 
not  be  more  than  32  feet  above  the  reservoir ;  for  the  pressure  of  the 
atmosphere  will  not  support  a  greater  height  of  water. 

The  phenomena  of  springs  which  flow  occasionally,  and  occasionally 
cease,  may  often  be  explained  by  the  principle  of  the  syphon.  The  reservoir 
of  water  which  supplies  a  spring  may  be  considered  as  the  vessel  of 
liquor  to  be  drawn  off,  and  the  duct  the  syphon,  having  its  shortest  leg 
opening  in  the  reservoir,  and  its  longest  at  the  surface  of  the  earth  whence 
the  spring  flows ;  but  as  the  water  cannot  be  made  to  rise  in  the  syphon 
by  either  of  the  artificial  modes  which  we  have  mentioned,  the  spring  will 
not  begiu  to  flow  till  the  water  in  the  reservoir  has  risen  above  the  level 
of  the  highest  part  of  the  syphon  :  it  will  then  commence  flowing  upon 
the  principle  of  the  equilibrium  of  fluids  ;  but  it  will  continue  upon  the 
principle  of  the  sjphon;  for,  instead  of  ceasing  as  soon  as  the  equilibrium 
id  restored,  it  will  continue  flowing  as  long  as  the  opening  of  the  duct  is 
in  contact  with  the  water  in  the  reservoir.  Springs  which  do  not  con- 
stantly flow  are  culled  intermitting,  anil  are  occasioned  by  the  reservoir 
being  imperfectly  supplied. 

Reservoirs  of  water  which  are  formed  in  the  bosom  of  mountains  gene- 
rally And  a  vent  either  on  their  declivity,  or  in  the  valley  beneath  ;  while 
subterraneous  reservoirs  formed  in  a  plain  can  seldom  find  a  passage 
10  (he  surface  of  the  earth,  but  remain  concealed,  unless  discovered  by 
digging  a  well.  When  a  spring  once  issues  at  the  sur^e  of  the  earth,  it 
forms  a  rivulet,  and  continues  its  course  externally,  seeking  always 
a  lower  ground,  for  it  can  no  longer  rise :  if  therefore  it  flows  Into 
a  situation  which  is  surrounded  by  a  higher  ground,  its  course  is  stopped, 
the  waier  accumulates,  and  forms  a  pool,  pond,  or  lake,  according  to  the 
dimensions  of  the  body  of  water.  Thus  the  Luke  of  Geneva  is  filled  by 
the  Rhone,  which  passes  tlirough  it.  When  the  river  enter?)  the  valley 
which  forms  the  bed  of  the  Lake,  it  Rods  itself  surrounded  by  higher 
grounds:  its  waters,  consequently,  are  pent  up,  and  accumulate  till  they 
riw  to  a  level  with  that  part  of  the  valley  where  the  Rboue  continues  its 
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course  out  of  the  Lake,  >.nd  from  whence  it  flovs  through  valleys,  ooca- 
sionall;  forming  other  Bmall  lakeH,  till  it  reaches  the  sea. 

A  Fountain  is  a  spring  conducted  perpendicular!  jiipnards  by  a  spout 
or  adjutage,  A  (_fig.  11).  It  would  rise  aa 
high  as  the  reservoir,  B,  were  its  motion 
not  impeded  by  the  resistance  of  the  air 
and  the  friction  against  the  sides  of  the 
spoilt  whence  it  issues;  besides,  as  all  the 
particles  of  water  spout  from  the  tube  with 
an  equal  velocity,  and  as  the  pressure  of  the 
air  upon  the  exterior  particles  diminish  their 
velocity,  they  will  in  some  degree  strike 
against  the  under  parts,  and.  force  them 
sideways,  spreading  the  column  into  &  head, 
and  rendering  it  both  wider  and  shorter 
than  it  otherwise  would  be.  Besides  this, 
the  reflisUmce  of  the  air  prevents  even  the  first  particles  projected  from 
the  tube  from  rising  to  the  height  of  the  water  in  the  reservoir.  Were 
there  no  such  resistance,  it  would  rise  to  that  height,  and  nn  higher ;  of 
course,  being  resisted,  the  elevation  to  which  it  rises  is  diminished.  On 
both  accounts,  therelbre,  the  height  of  such  a  fountain  falls  very  consi- 
derably short  of  the  height  of  the  water  in  the  reservoir. 
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Section  I. — On  the  Mechanical  Propertiet  of  Air. 

Wis  shill  now  examine  the  second  class  of  fluids,  diuingunlwd  by  the 
name  of  aBrirorm,  or  elastic  fluids,  the  principal  of  which  ia  the  air  we. 
breatiie,  which  smrounds  the  earth,  and  is  called  the  atmo^hete.  There 
are  a  great  variety  of  elastic  fluids,  but  they  differ  only  in  their  chemical, 
not  in  Iheir  mechanical  properties  ;  and  it  is  the  latter  we  are  to  examine. 
There  is  do  attraction  of  cohesion  between  the  particles  of  elastic  fluids, 
so  that  the  expansive  power  of  heat  has  no  adveraary  to  contend  with  but 
gravity;  any  increase  of  lemperature,  therefore,  expands  elastic  fluids 
prodigiously,  and  a  diminution  proportionally  condenses  them.  The  most 
essential  point  in  which  air  difiers  from  other  fluids  is  by  its  spring  or 
elasticity  :  thai  is  to  say,  its  power  of  increasing  or  diminishiag  in  bulk, 
according  as  it  is  less  or  more  compressed — a  power  of  which  liquids  are 
almost  wholly  deprived. 

The  atmosphere  ia  thought  to  extend  to  about  the  distance  of  45  miles 
from  the  earth  ;  and  its  gravity  is  such,  that  a  man  of  middling  stature  ia 
computed,  when  the  air  is  heaviest,  to  sustain  the  weight  of  about  14  tons. 
Such  a  weight  would  crush  him  to  atoms,  were  it  not  that  air  is  also  con- 
tained within  our  bodies,  Ihe  spring  or  elasticity  of  which  counterbalances 
the  weight  of  the  external  air,  and  renders  us  insensible  of  its  pressure. 
Besides  this,  the  equality  of  pressure  on  every  part  of  the  body  enables 
us  more  easily  to  support  it :  when  thu»  diffused,  we  can  bear  even  a 
much  greater  weight,  without  any  considerable  i aeon venie nee.  In  bathing 
we  support  the  weight  and  pressure  of  the  water,  in  addition  to  that  of 
the  atmosphere ;  but  this  pressure  being  equally  distributed  over  the  body, 
we  are  scarcely  sensible  of  it:  whilst  if  the  shoulders,  the  head,  or   any 

E articular  part  of  the  fVame  were  loaded  with  the  additional  weight  of  a 
undred  pounds,  we  should  feel  severe  fatigue.  On  the  other  hand,  if 
the  airwithinaman  met  with  no  external  pressure  to  restrain  its  elasticity, 
it  would  distend  his  body,  and  at  length  bursting  the  parts  which  conflne 
it,  put  a  period  to  his  existence.  The  weight  <^  the  atmosphere,  there- 
fore, so  far  from  being  an  evil,  is  essential  to  our  existence.  When  a 
person  is  cupped,  the  swelling  of  the  part  under  the  cup  is  produced  by 
taking  away  the  pressure  of  the  atmosphere;  in  consequence  of  which, 
the  internal  air  distends  the  part.  The  air-pump  affords  us  the  means 
of  making  a  great  variety  of  interesting  experiments  on  the  weight  and 
pressure  of  the  air.  We  have  already  seen,  that  in  a  vacuum  produced 
within  the  air-pump,  substances  of  various  weights  foil  to  the  bottom  in 
(he  same  time. 

Weshallnowpoint  out  some  experiments  which  illustrate  both  the  weight 
and  elasticity  of  air.  If  a  piece  of  bladder  be  tied  over  a  glass  receiver, 
open  both  at  the  top  and  bottom,  when  the  air  is  taken  away  from  the 
under  surrace,  so  that  there  is  no  longer  any  re-action  to  counterbalance 
the  pressure  of  the  atmosphere,  the  bladder  is  pressed  inwards  in  pmpor- 
tion  as  the  receiver  is  exhausted ;  and  before  a  complete  vacuum  or  void 
is  formed  within  the  receiver,  the  bladder,  unable  la  sustain  the  Tiolenee 
of  the  pressure,  bursts  with  a  loud  report, 
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A  ahriTelled  apple  placed  within  a  receWer  becomes  plump  from  the 
espanaion  of  the  air  within  it,  as  soon  as  the  pressure  of  the  external  air  is 
taken  away,  and  shrinbs  to  its  former  dimensions  when  the  air  is  again 
let  into  the  rcceiTCr.  If  two  bodies  be  placed  so  close  together  that  there 
ii  absolutely  no  air  between  them,  to  (»unterbalance  by  its  elasticity  the 
pressure  of  the  air  on  their  outer  surfaces,  that  whole  pressure  resists 
their  separation.  It  is  thus  that  a  slone  ma;  be  raified  by  a  string:  fii^  to 
a  piece  of  mcHstmed  leather  pressed  close  upon  it ;  and  thus  also  that  in 
the  experiment  detailed  in  page  6,  the  pressure  of  the  atmosphere,  as 
well  M  Un  oOhesion  of  the  metallic  hemispheres,  prevents  their  separa- 
tion. 

A  column  of  a!r  reaching  to  the  top  of  the  atmosphere,  and  whose  base 
is  a  square  inch,  weighs  15  lbs.  when  the  air  Is  heaviest.  The  rule  that 
fluids  press  equally  in  all  directions  applies  to  elastic  fluids  as  well  as  to 
liquids :  therefore  every  square  inch  of  our  bodies  sustains  a  pressure  of 
lb  lbs.,  end  the  weight  of  the  whole  atmosphere  may  be  computed  by 
calculating  the  number  of  the  square  inches  on  the  surface  of  the  earth, 
and  multiplying  them  by  15. 

The  weight  of  a  small  quantity  of  air  niH.y  be  ascertained  by  exhausting 
the  air  fVom  a  bottle,  and  weighing  the  bottle  thus  emptied.  Suppose 
that  a  bottle,  six  cubic  inches  in  dimension,  weighs  two  ounces ;  if  the  air 
be  then  introduced,  and  the  bottle  re-weighed,  it  will  be  found  heavier  by 
two  grains,  shewing  that  six  cubic  inches  of  ur  (at  a  moderate  tempera- 
tare)  weighs  about  two  grains.  In  eslimating  the  weight  nf  air,  the  tem- 
perature must  always  be  considered,  because  heat,  by  rarefying  air,  ren- 
ders tt  lighter.  The  same  principle  indeed  applies,  almost  without 
esccpUoD,  to  at!  bodies.  In  (wder  to  ascertain  the  specific  gravity  of  air, 
the  same  bottle  may  be  filled  with  water,  and  the  weight  of  six  cubic 
inchcfl  of  water  will  be  1515  grains:  so  that  the  weight  of  water  to  that  of 
air  is  about  BOO  to  I. 

A  barometer  i*  an  instrument  which  Indicates  the  state  of  the  weather, 
by  shewing  the  weight  of  the  atmosphere.  It  is  extremely 
simple  in  its  construction,  and  consists  of  a  glass  tube, 
A  B  (Jif.  1),  about  three  feet  in  length,  and  open  only  at 
one  end.  TTiis  lube  must  first  be  filled  with  mercury,  then 
stopping  the  open  end  with  the  finger,  it  is  immersed  in  a 
cup,  C,  which  contains  a  little  mercury.  Part  of  the  mer- 
cury which  was  in  the  tube  now  falls  down  into  the  cup, 
leaving  a  vacant  space  in  the  upper  part  of  the  tube,  to 
which  the  air  cannot  gain  access.  This  space  is  therefore 
a  perfect  vacuum ;  and  consequently  the  mercury  in  the 
tube  is  relieved  from  the  pressure  of  the  atmosphere, 
whilst  that  in  the  cup  remsiiis  exposed  to  it:  therefore  the 
pressure  of  the  air  nn  the  mercury  in  the  cup  supports  that 
in  the  tube,  and  prevents  it  from  falling :  thus  tlie  equili- 
brium of  the  mercury  in  destroyed  only  to  preserve  the 
general  equilibrium  of  fluids.  This  simple  apparatus  fa 
all  that  is  essential  to  a  barometer.  The  tube  and  the  cup 
or  vase  are  fixed  on  n  board,  for  the  convenience  of  sus- 
pending it;  the  board  is  graduated  for  the  purpose  of 
ascertaining  the  he[»:ht  at  which  the  mercury  stands  in  the 
tube ;  and  the  small  moveable  metal  plate  serves  to  show 
that  height  with  greater  accuracy.  The  weight  of  the 
ttmosphere  siKtains  the  mercury  at  the  height  of  about 
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S9^  inches ;  but  the  exact  height  depends  upon  the  weight  of  the  atmoi- 
phere,  which  Tariea  much  according  to  the  state  of  Uic  weather.  The 
greater  the  pressure  of  the  air  on  the  mercury  in  the  cup,  the  higher  it 
will  ascend  in  the  tube.  The  air  Iherefore  generally  is  heaviest  in  dry 
weather,  for  then  the  mercury  rises  in  the  tube,  and  consequently  that 
in  the  cup  sustains  the  greatest  pressure ;  and  thus  we  estiniHte  the 
dryness  and  &imess  of  the  weather  by  the  height  of  the  mercury.  We 
m  apt  to  think  the  air  feels  heavy  in  bad  weather,  because  it  is  less 
salubrious  when  impregnaled  with  damp.  The  lungs,  under  these  cir- 
cumstances, do  not  play  so  freely,  nor  does  the  blood  circulate  so  welt : 
thus  obstruc^ons  are  frequently  occasioned  in  the  smaller  vessels,  from 
which  arise  colds,  asthmas,  agues,  fevers,  &c. 

As  the  atmosphere  diminishes  in  density  in  the  upper  regions,  the  air 
innst  be  more  rare  upon  a  hill  than  in  a  plain  ;  and  this  difference  may 
be  ascertained  by  the  barometer.  This  instrument  is  so  exact  in  its 
indications,  that  it  is  used  for  the  purpose  of  measuring  the  height  of 
mountuns,  and  of  estimating  the  elevation  of  balloons.  Considerable 
inconvenience  is  often  esperienced  from  the  thinness  of  the  ^r  in  such 
elevated  situations.  It  is  sometimes  oppressive,  from  being  insufficient 
for  respiration ;  and  the  expansion  which  taiies  place  in  the  more  dense 
air  contained  within  the  body  is  often  painful :  it  occasions  distenaioDt 
and  sometimes  causes  the  bursting  of  the  smaller  blood-vessels  in  the 
nose  and  ears.  Besides,  in  such  situations,  you  are  more  exposed 
both  to  heat  and  cold ;  for  though  the  atmosphere  is  itself  transparent, 
its  lower  regions  abound  with  vapours  and  exhalations  from  the  earthf 
which  fioat  in  it,  and  act  in  some  degree  as  a  covering,  which  preserves 
US  equally  from  the  intensity  of  the  sun's  rays,  and  from  the  severity  of 
the  cold. 

Now  since  the  weight  of  the  atmosphere  supports  mercury  in  the  tube 
of  a  barometer,  it  will  support  a  column  of  any  other  fluid  in  the  same 
manner;  but  as  mercury  is  the  heaviest  of  all  fluids,  it  will  support  a 
higher  column  of  any  other  Suid  ;  fur  two  fluids  are  in  equilibrium,  when 
their  heights  vary  inversely  aa  their  densities  :  as,  for  instance,  if  a  cubic 
foot  of  one  fluid  weighs  twice  as  much  as  a  cubic  foot  of  the  other,  a 
column  of  the  firHt  ten  feet  in  height  will  weigh  as  much  as  a  column  of 
the  other  twenty  feet  in  height.  Thus  the  pressure  of  the  atmosphere, 
which  will  sustain  a  column  of  mercury  of  twenty-nine  inches,  is  equal  to 
sustaining  a  column  ot  water  of  no  less  than  thirty-four  feet  above  its  level. 
The  weight  of  the  atmosphere  is  therefore  as  great  as  that  of  a  body  of 
water  surrounding  the  globe  of  the  depth  of  thirty-four  feet ;  for  a  column 
of  air  of  the  height  of  the  atmosphere  is  equal  to  a  column  of  water  of 
thirty-four  feet,  or  one  of  mercury  of  twenty-nine  inches,  each  having  the 
umebue. 

The  common  pump  is  constructed  on  this  principle.  By  the  act  of 
pumping,  the  pressure  of  the  atmosphere  is  taken  off  one  part  of  the  sur- 
lace  of  (he  water  r  this  part  therefore  rises,  being  forced  up  by  the  pressure 
communicated  to  it  by  that  part  of  the  water  on  the  surfoce  of  which  tba 
weight  of  the  atmosphere  continues  to  act.  The  body  of  a  pump  consista 
of  a  large  tube  or  pipe,  whose  lower  end  is  immersed  in  the  water  which 
it  ia  designed  to  raise.  A  kind  of  stopper,  called  a  piston,  is  fitted  (o 
this  tulK,  and  is  made  to  slide  up  and  down  it,  by  means  of  a  metallls 
rod  fastened  to  the  centre  of  the  piston. 

The  various  parts  of  a  pump  are  delineated  iafg.  2  (next  page),  A  B  !■ 
tbe  pipe  or  body  of  the  pump ;  P  the  pistoii ;  V  a  vaWe,  or  liiile  door  Id 
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the  piston,  which,  opening  upwards,  admits  tlie  water  to  rise  ttiroiig't  it, 
but  prevents  its  returniu^ ;  and  y  a  similar  valve  va  the  body  of  the 
pump.  When  the  pump  is  in  a  state  of  inaction,  the  two  valves  are  closed 
\>j  their  own  weight ;  but  when,  by  drawing  down  the  handle  of  the 
pump,  the  piston  ascends,  it  raises  a  column  of  air  which  rested  upon  it, 
and  produces  a  vacuum  between  the  piston  and  the  lower  valve,  Y:  the 
air  beneath  this  valve,  which  is  immediately  over  the  surface  of  the  water, 
consequently  expands,  and  forces  its  wuy  through  it;  the  water  then, 
relieved  from  the  pressure  of  the  air,  ascends  into  the  pump.  A  few 
strokes  of  the  handle  totally  exclude  (he  air  from  the  body  of  the  pump, 
and  fill  it  with  water,  which,  having  passed  through  both  the  valves, 
flows  out  at  the  spout.  Thus  the  air  and  the  water  successively  rise  iu 
the  pump  on  the  same  principle  that  the  mercury  rises  in  the  barometer. 
Water  is  said  to  be  drawn  up  into  a  pump  by  suction  ;  but  the  power  of 
suction  is  no  other  than  that  of  producing  a  vacuum  over  one  part  of  the 
liquid,  into  which  vacuum  the  liquid  is  forced  by  the  pressure  of  tlie 
atmosphere  on  another  part  The  action  of  sucking  through  a  straw  c.on- 
sislB  in  drawing  in  and  conlining  the  breath,  so  as  to  produce  a  vacuum, 
or  at  least  to  lessen  materially  the  quantity  of  air,  in  the  mouth :  in  con- 
sequence of  which,  the  air  within  the  straw  rushes  into  the  mouth,  and  is 
followed  by  the  liquid,  into  which  the  lower  end  of  the  straw  is  immersed. 
The  principle  is  the  same ;  and  the  only  difference  consists  in  the  moile  of 
.  producing  a  vacuum.  In  suction,  the  muscular  powers  answer  the  pur> 
Pig.  2  Fig.  8. 


pose  of  the  piston  and  valves.  The  distance  from  the  level  of  (he  water 
in  the  well  to  the  valve  in  the  piston  ought  not  to  exceed  thirty-two 
feet,  otherwise  the  water  would  not  be  sure  to  rise  through  that  valve, 
for  the  weight  of  the  air  is  sometimes  not  sufficient  to  raise  a  column  of 
mercury  more  than  twenty-eight  inches,  or  a  column  of  water  much  more 
than  thirty-two  feet ;  but  when  once  it  has  passed  that  opening,  it  is  no 
longer  the  pressure  of  air  on  the  reservoir  which  makes  it  ascend — it  is 
laiMd  by  lifting  it  up,  aa  you  would  raise  it  in  a  bucket,  of  which  the 
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piston  formed  the  bottom.     This  common  pump  is,  therefore,  called  the 
sucking  and  liding  pump,  as  it  is  constructed  on  both  theM  principleg. 

The  forcing'  pump  consists  of  a  forcing  power  added  to  the  sucking 
part  of  the  pump.  This  addiiional  power  is  exactly  on  the  principle  of 
the  syringe :  by  raising  the  piston,  the  wa.ter  is  drawn  up  into  the  pump ; 
and  by  m&king  it  descend,  it  is  forced  out.  The  large  pipe,  A  B  {^Jig.  3), 
represents  the  sucking  part  of  the  pump,  which  differs  from  the  liHiug 
pump  only  in  its  piston,  P,  being  unfurnished  vith  a  vaJve,  in  conaequence 
of  which  the  water  cannot  rise  aboTe  it  When,  therefore,  the  piston 
descends,  it  shuts  the  valve,  y,  and  forces  the  water  (which  has  no  other 
Tent)  Into  the  pipe,  D  :  this  is  likewise  furnished  with  a  valve,  V,  which, 
opening  outwards,  admits  the  water,  but  prevents  its  return.  The  water 
is  thus  first  raised  in  the  pump,  and  then  forced  into  the  pipe,  by  the 
ftlternate  ascending'  and  descending  motion  of  the  piston,  after  ■  few 
strtikes  of  the  handle  to  fill  the  pipe,  from  whence  the  water  issues  at  the 
•pout 


Section  IL — On  Wind  and  Sound. 

We  are  now  (o  give  some  account  uf  the  nature  of  Wind  and  Sound. 
Wind  is  the  motion  of  a  stream  or  current  of  air,  which  may  be  produced 
by  a  variety  of  causes ;  but  the  most  common  one  is  a  partial  change  of 
temperature  in  the  atmosphere :  for  when  any  one  part  is  more  heated 
than  the  rest,  that  part  is  rarefied  ;  and  thus,  becoming  lighter  than  the 
air  around,  it  rises,  and  the  surrounding  air  presses  in  towards  that  parti  in 
order  to  restore  the  equilibrum  :  this  spot,  therefore,  receives  wind  from 
every  quarter.  Those  who  live  to  the  north  of  it  experience  a  north  wind ; 
those  to  the  south,  a  south  wind ;  and  those  who  live  on  the  spot  where  these 
wini!s  meet  and  interfere  have  turbulent  and  boisterous  weather — whirl- 
winds, hurricanes,  rain,  lightning,  thunder,  &c.  This  stormy  weutheroccurs 
most  frequently  in  the  torrid  zone,  where  the  heat  is  greatest:  the  air 
being  more  rarefied  there  than  in  any  other  part  of  the  globe,  is  lighter, 
aiid  consequently  ascends;  whilst  the  air  about  the  polar  regioiin  is 
continually  flowing  from  the  poles,  to  restore  the  equilibrium.  This 
motion  of  the  air,  did  no  obstacles  interfere,  would  produce  a  regular 
and  constant  north  wind  to  the  inhabitants  of  the  northern  hemi- 
sphere, and  a  south  wind  to  those  of  the  southern  hemisphere ;  but 
these  winds  do  not  meet  without  previously  changing  their  direction. 
The  atmosphere  accompanies  the  earth  in  its  diurnal  motion :  it  travels, 
therefore,  with  greater  or  less  velocity  as  it  is  nearer  the  equator, 
or  more  distant  from  it  When  therefore  the  wr  flows  from  the  north 
or  K>nth  to  restore  the  atmospherical  equilibrium  at  the  equator,  this 
air,  not  having  acquired  the  velocity  of  the  equatorial  regions,  cannot 
keep  pace  with  the  earth,  which,  travelling  faster,  passes  through  it;  and 
■a  the  earth  moves  from  west  to  east,  its  motion  through  the  air  producei 
a  regular  east  wind  at  the  equator.  The  winds  from  &e  north  and  south 
eombine  with  this  easterly  wind,  and  form  what  are  called  the  trade 
winds.  The  composition  of  the  two  winds  north  and  east  produces  a 
oonstant  north-east  wind ;  and  that  of  the  two  winds  south  and  esut  pro- 
duces a  r^oUi  Mmth-eaat  wind.    Ilieae  wiuds  eitond  to  iboui  thirty 
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d^rees  on  «aeh  side  of  the  equator,  the  regions  further  distant  from  it 
experiencing  only  their  respective  north  and  south  vrinds. 

The  light  air  about  the  equator,  which  expands  and  rises  into  the  upper 
regions  of  theatmoGphcre,  ultimately  flows  from  thence  hack  to  the  poles, 
to  restore  the  equilibrium.  If  it  were  not  for  this  resource,  the  polar 
atmospheric  regions  would  soon  be  exhausted  by  the  stream  of  air,  which, 
in  the  tower  strata  of  the  atmosphere,  they  are  constantly  sending  towards 
the  equator.  There  is  therefore  a  sort  of  circulation  in  the  utmosphere : 
the  air  in  the  lower  strata  flowing  from  the  poles  towards  the  equator, 
and  in  the  npper  strata  flowing  back  from  the  equator  towards  the  pules. 
An  example  of  (his  circulaLiiin  on  a  small  scale  may  be  seen  in  the  air  of 
a  room,  which  being  more  rarefied  than  the  external  air,  a  current  is 
pouring  in  from  the  crevices  of  the  windows  and  doors,  to  restore  the  equi- 
librium ;  but  the  li^ht  air  with  which  the  room  is  filled  must  find  siime 
vent,  in  order  to  make  way  fur  the  heavy  dr  which  enters.  If  the  dour 
be  set  a-jar,  and  a  candle  tirld  near  the  upper  part  of  it,  the  flame  will  be 
blown  outwards,  showing  that  there  is  a  current  of  air  flowing  out  from 
the  upper  part  of  the  room ;  and  if  the  candle  be  placed  on  the  floor 
close  by  the  door,  the  flame  will  bend  inwards,  shewing  that  there  is  also 
a  current  of  air  setting  into  the  lower  part  of  the  room.  The  upper 
current  is  the  warm,  light  air,  which  is  driven  out  to  make  way  for  the 
stream  of  cold,  dense  air  which  enters  below. 

There  are  also  periodical  trade-winds,  commonly  called  monsoons, 
which  change  tiieir  course  every  half-year.  This  variation  is  produced 
by  the  earth's  annual  course  round  the  sun,  when  the  norLli  pule  is 
inclined  towards  that  luminajy  one-half  of  the  year,  and  the  south  pole 
the  other  half.  During  the  summer  of  the  northern  hemisphere,  the 
countries  of  Arabia,  Persia,  India,  and  China,  are  much  heated,  and 
reflect  great  quantities  of  the  sun's  rays  into  the  atmosphere,  by  which  it 
becomes  extremely  rarefied,  and  the  equilibrium  consequently  destroyed. 
Id  order  to  restore  it,  the  air  from  the  equatorial  southern  regions,  where 
it  is  colder  (as  well  as  from  the  colder  northern  parts)  must  necessarily 
have  a  motion  towards  those  parts.  The  current  of  air  frnm  the  equa- 
torial regions  produces  the  trade-winds  tor  the  first  six  months  in  all  the 
Kaa  between  the  heated  continent  of  Asia  and  the  equator.  During  the 
other  six  months,  when  it  is  summer  in  the  southern  hemisphere,  the  ocean 
and  countries  towards  the  southern  tropic  are  most  heated,  and  the  air 
over  those  parts  moat  rarefied  i  then  the  air  about  the  equator  alters  its 
course,  and  flows  in  an  opposite  direction. 

The  bresfcing-up  of  the  monsoons  is  the  name  given  by  sailors  to  the 
shifting  of  the  periodical  winds ;  they  do  not  change  their  course  sud- 
denly, but  by  degrees,  as  the  sun  moves  from  one  hemisphere  to  the  other. 
This  change  is  usually  attended  by  storms  and  hurricanes,  so  thai  those 
■eas  are  seldom  navigated  at  the  season  of  the  equinox. 

It  is  less  easy  to  account  for  the  great  variety  of  winds  which  prevail  in 
the  temperate  zones ;  but  when  we  consider  that  so  large  a  portion  of  the 
atmosphere  is  in  continual  agitation  in  the  torrid  zone,  these  agitations  in 
ma  elastic. fluid,  which  yields  to  the  slightest  impression,  must  extend 
every  way  to  a  gieat  distance.  The  air  in  all  climates  will  suffer  more  or 
leas  perturbation,  according  to  the  situation  of  the  country,  the  posilion 
of  mountuns,  valleys,  and  a  variety  of  other  causes :  hence  it  is  easy  to 
eoHCeiTC  tiiat  akinoet  etery  climate  must  be  liable  to  variable  winds.  On 
th*  sea-thorg  »  gentle  aea-breeae  geoeraJly  seta  in  on  the  land  in  tha 
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afteraoon,  to  refltore  the  equUibrium  which  had  been  dinturbed  by  refltc- 
lions  from  the  healed  surface  of  the  shore  during  the  earlier  part  of  the 
day ;  and  about  midoifrbt,  nhen  the  earlh  is  cooled  and  the  air  cundeDsed, 
h  flows  bade  towards  iite  sea. 

'I'he  air,  being  a  gravitating  fluid,  ia  affected  by  the  attractioa  of  the 
moon  and  the  sun,  in  the  Game  manner  as  ihe  water,  and  must  there- 
fore have  tide*.  These  Udea,  bowever,  are  of  qo  practical  interest  or 
importance. 

We  have  conudered  the  efiects  produced  by  the  wide  luid  extended 
agitation  of  the  air ;  but  there  ia  another  kind  of  afptaiion  of  which  the 
air  is  susceptible — a  sort  nf  vibratory  tremulous  motion,  which,  strikiug 
on  the  drum  of  the  ear,  produces  Sound.  Sonorous  bodies,  such  as  bella, 
musical  instruments,  Ac,  are  merely  the  agents  by  means  of  which  that 
peculiar  species  of  motion  is  communicated  to  the  air.  A  bell  rung  in 
vacuo  under  Uie  air-pump  gives  no  sound. 

Air,  though  by  far  the  most  common,  is  not  the  only  vehicle  of  sound. 
Iiiquids  are  capable  of  conveying  the  vibratory  motion  of  a  sonorous  body 
to  theorgaaof  hearing;  fur  sound  can  be  heard  under  water.  Solid  bod  ie« 
also  convey  sound,  as  you  msy  be  convinced  by  a  very  simple  eipvinieut. 
If  a  string  be  fastened,  round  a  poker,  by  the  middle;  the  poker  raised 
fironi  the  ground  by  the  two  ends  of  the  string,  and  one  end  being  held  to 
each  ear,  if  the  poker  be  then  struck  with  a  key,  the  sound  will  be  con- 
veyed to  the  ear  by  means  of  the  strings  in  a  much  more  perfect  nwDner 
than  if  it  had  no  other  vehicle  than  the  air. 

Bodies  are  called  sonorous  which  produce  clear,  distincti  regular,  and 
durable  sounds — such  as  a  bell,  a  drum,  musical  strings,  wind  iostru- 
ncnts,  Ac.  They  owe  this  property  to  their  elasticity;  for  an  elsstic 
body,  aAer  having  been  struck,  not  only  returns  to  its  former  situation, 
but,  having  acquired  momentum  by  its  velocity,  like  the  pendulum,  it 
springs  out  on  tbe  oppoHie  side.     If  the  string  A  B  (/^.  4),  which  is 

Fig.  4. 

^„.. — -o- 


•^ 


made  &st  at  both  ends,  be  drawn  on  one  side  to  G,  it  will  not  only 
return  to  its  original  position,  but  proceed  onwards  to  D.  This  is  ilie 
first  vibration ;  at  its  terminaUoo,  the  string,  being  stretched  into  Uie 
position  A  D  B,  will  again  tend  to  return  to  its  natural  state  A  B,  and 
will,  therefore,  return  to  that  line  and  pass  on  beyond  it  to  £,  and  thence 
back  again  to  F  :  then  in  the  same  manner  to  G  and  H  j  the  resistance 
of  tbe  air  continually  destroying  some  of  tbe  motion,  so  that  the  extreme 
points,  E  FG  U,  are  continudly  nearer  to  the  line  A B,  until  the  whole 
mwtion  is  destroyed,  and  the  string  comes  to  rest  in  tbe  position  A  B, 

The  tremulous  motion  given  to  the  air  by  the  vibration  of  a  sonoroiu 
body  is  very  similar  to  the  motion  communicated  to  smooth  water  when  a 
■tone  ia  thrown  into  it.  This  first  produces  a  small  circular  wave  round 
Ou  apot  in  which  the  stone  taUs :  the  wave  sprasda,  and  gtadnally  com- 
nnuicates  its  motiou  to  the  «4)ac«iit  waten,  producing  iniiUH  wa*aa  to 
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s  coHBiderable  esteot.  The  same  kind  of  waies  are  produced  in  the  air 
by  the  motion  nf  a  sonoroua  body  ;  but  with  this  difTerence,  that  air,  Mug 
ail  elasLic  fluid,  the  mntiou  does  not  consist  of  regularly  extending 
waves,  but  of  vibrations  composed  of  a  motion  forwards  and  backwards, 
BLmilar  to  those  of  a  sonorous  body.  rHie  aSrial  undulations  also  lake 
place  in  all  direction*,  and  are  spherical.  The  first  sphere  of  undulations 
which  are  produced  immediately  around  the  sonorous  body,  by  pressing 
against  the  contiguous  air,  condenses  it.  The  condensed  air,  though 
impelled  forward  by  the  pressure,  re-acis  on  the  first  set  of  undulations, 
driving  them  back  again.  The  second  set  of  undulations  which  have 
been  put  in  modon,  in  their  turn  communicate  their  motion,  and  are 
themselves  driven  back  by  re-action.  Thus  there  is  &  succession  of  waves 
in  the  air.  The  air  is  immediately  put  in  motion  by  the  firing;  of  a 
eaonon ;  but  i^  requires  time  for  the  vibrations  to  extend  to  any  di»:(anl 
spot.  The  velodty  of  sound  in  air  is  computed  to  be  at  the  rate  of  1142 
feet  in  a  second. 

The  direction  of  the  wind  makes  less  difference  in  the  velocity  of  sound 
than  might  be  ima^ned.  If  Uie  wind  sets  from  us.  it  bears  most  of  the 
aSrial  waves  away,  and  renders  the  sound  fainter;  but  it  is  not  very 
considerably  longer  in  reaching  the  ear  than  if  the  wind  blew  towards  us. 
In  fact,  the  wind  cannot  possibly  retard  the  progress  of  the  sound,  by 
more  than  its  own  rate  of  motion  ;  and  as  the  velocity  of  sound  is  about 
780  miles  in  an  hour,  the  velocity  of  even  a  high  wind  l»ars  too  small  a 
proportion  to  it  to  effect  very  materially  the  rate  at  which  sound  travels. 
The  nearly  uniform  velocity  of  sound  enables  us  to  determine  the  distance 
of  Ihe  object  whence  it  proceeds  :  as  that  of  a  vessel  at  sea  firing  a  cannon, 
or  that  of  a  thunder-cloud.  If  we  do  not  hear  the  thunder  till  half  a 
minute  after  we  see  the  lightning,  we  conclude  the  cloud  to  be  at  the  dis- 
tance of  six  miles  and  a  half. 

An  echo  is  produced  when  the  aSrial  vibrations  meet  with  an  obstacle 
having  a  hard  and  regular  surface,  such  as  a  wail,  or  rock :  tliey  may  thus 
be  reflected  back  to  the  ear,  and  produce  the  same  sound  a  second  lime  ; 
but  the  sound  will  Ihen  appear  to  proceed  from  the  object  by  which  it 
is  reflected.  If  the  vibrations  fall  perpendicularly  on  the  obstacle,  they 
are  reflected  back  in  the  same  line  ;  if  obliquely,  the  sound  returns 
obliquely  on  the  other  side  of  the  perpendicular,  the  angle  of  reflection 
being  equal  to  the  angle  of  incidence. 

Speaking-trumpets  are  constructed  on  the  principle  of  the  reflection  of 
sound.  The  voice,  instead  of  being  diffused  in  the  open  sir,  is  confined 
within  the  trumpet ;  and  the  vibrations  which  spread  and  fall  against  the 
sides  of  the  instrument,  are  reflected  according  lo  the  angle  of  incidence, 
and  the  form  of  the  instniment  is  so  regulated,  that  the  whule  of  the 
vibrations  are  collected  into  a  focus ;  and  if  the  ear  be  situated  in  or 
near  that  spot,  the  sound  is  prodigiously  increased.  Fig.  5  represents  the 
Fig.b. 


speokhig-tniiapet ;  the  isys,  U  they  issue  from  its  mouth,  are  distin< 
guished  hj  being  dotted ;  and  they  are  brought  to  a  focus  at  F.     The 


iiized  by  Google 


INTRODUCTION  TO  PNEUMATICS.  hiia 

trumpet  nsed  by  deif  persona  acts  on  the  same  principle ;  the  rajs,  in 
this  case,  bein^  collected  into  ■  Tocus  near  the  Bmaller  end  of  the  trumpet 
which  is  applied  to  the  ear.  The  trumpets  used  as  musical  inatniinenls 
aTe  also  constructed  on  this  principle,  so  far  as  their  form  tends  to 
increase  the  sound  ;  but,  as  a  musical  inBtniment,  the  trumpet  becomes 
itself  the  BODoroua  body,  trhich  is  made  to  vibrate  by  blowing  into  it,  and 
communicates  its  vibrations  to  the  air. 

If  a  sonorous  body  be  struck  in  such  a  manner  that  its  vibrations  are  all 
perrormed  in  equal  times,  the  vibrations  of  the  air  will  correspond  with 
(hem,  and  be  equal  also ;  and  thus,  striking  uniformly  on  the  drum  of  the 
ear,  they  produce  an  uniform  sensation  on  the  auditory  nerve,  and  excite 
the  same  unifonn  idea  in  the  mind ;  or,  in  other  words,  we  shall  hear  one 
musical  tone.  But  if  the  vibrations  of  the  sonorous  body  be  irregular, 
there  will  necessarily  follow  a  confusion  of  aSrial  vibrations ;  for  a  second 
vibration  may  commence  before  the  first  is  finished,  meet  it  half  way  on  its 
return,  and  interrupt  it  in  its  course.  The  quicker  a  sonorous  body 
vibrates,  the  more  acute  or  sharp  is  the  sound  produced.  The  duration 
of  the  vibrations  of  itringii  or  chords  depends  upon  their  length,  the 
thickness  or  weight,  and  their  degree  of  tension  :  thus  the  low,  bass  notes 
of  a  harp  or  piano  are  produced  by  long,  thick,  loose  strings  ;  and  the 
high,  treble  notes,  by  those  which  are  short,  small,  and  tightly  strung :  so 
that  the  different  length  and  size  of  the  strings  serves  to  vary  the  duration 
of  the  vibrations,  and,  consequently,  the  acuteness  or  gravity  of  the  notes. 

Among  the  variety  of  tones,  there  are  some  which,  sounded  together, 
please  the  ear,  producing  what  we  call  harmony,  or  concord.  This  is 
thought  to  arise  from  the  agreement  of  the  vibrations  of  the  two  sonorous 
bodies  ;  so  that  some  of  the  vibrations  of  each  strike  upon  the  ear  at  the 
sume  time.  Thus,  if  the  vibrations  of  two  strings  are  performed  in  equal 
times,  the  same  lone  is  produced  by  both,  and  ihey  are  said  to  be  in 
unison.  If  a  violin  is  to  be  tuned  in  unison  with  another,  the  strings 
must  be  drawn  tighter  if  too  low,  or  loosened  if  at  too  high  a  pitch,  in 
order  to  bring  them  to  vibrate  in  e<iual  times  with  the  strings  of  tha 
other  instrument. 

But  concord  is  not  confined  to  unison,  for  two  different  tones  har- 
monize in  a  variety  of  cases.  If  one  string  (or  any  sonorous  body 
whatever)  vibrate  in  double  the  time  of  another,  the  second  vibration  of 
the  latter  will  strike  upon  the  ear  at  the  same  instant  as  the  first  vibration 
of  the  former  ;  and  this  is  the  concord  of  an  octave.  If  the  vibrations  of 
two  strings  are  as  two  to  three,  the  thi  rd  vibration  of  the  first  corresponds 
with  the  fourth  vibration  of  the  latter,  producing  the  harmony  called  a 
fifth :  so  that  when  the  key-note  is  struck  with  its  fifth,  you  hear  every 
third  vibration  of  one,  and  every  fourth  of  the  other  at  the  same  time. 
The  key-note  struck  with  the  fourth  is  likewise  a  concord,  and  the  vibra- 
tions are  as  three  to  four.  The  vibrations  of  a  major  ihii^  with  the  key* 
uole  are  as  four  to  five  ;  and  those  of  a  minor  third,  as  five  to  six. 

There  are  other  tone*  which,  though  ihey  cannot  be  struck  together 
without  producing  discord,  if  ttmck  successively,  give  ii«  the  pleasure 
which  is  called  melody. 
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Section  I. — On  Optica. 


Optics  is  one  of  the  most  interesting  branchea  of  Natural  Philnaophy  : 
it  is  the  Bcieace  of  vision,  and  leaches  ua  hotr  we  aee  objects.  In 
this  science,  bodies  are  divided  into  latninouf,  opaque,  and  trantparent, 
K  iuminous  body  is  one  that  shines  by  its  own  light — as  the  sun,  the  Are, 
a  candle,  &c.  But  all  bodies  that  shine  are  not  luminous:  polished 
metal,  for  instance,  when  it  shines  with  so  much  brilliancy,  is  not  a  lumi- 
nuus  body,  for  il  would  be  dark  if  it  did  not  receive  light  ^i>ni  a  luminous 
body:  it  belongs,  therefore,  to  the  class  of  opaque,  or  dark  bodies,  which 
comprehend  all  such  as  are  neither  luminous  nor  will  admit  the  light 
to  jiBss  tlirougli  them ;  and  transparent  bodies  are  those  which  admit 
the  light  to   pass  through  them, 

such  as  glass  and  water.     Trans-  Pig,  I. 

parent  or  pellucid  bodies  are  fre- 
quently called  mediums  ;  and  the 
rays  of  light  which  pass  through 
them  are  said  to  be  transmitted  by 
them.  Light,  when  emitted  from 
the  sun,  or  any  other  luminous 
body,  is  projected  forwards  in 
straight  lines  in  every  possible  di- 
rection, or  at  least  appears  to  move 
aiS  it  would  on  that  supposition , 
so  that  the  luminous  body  not  only 
seems  the  general  centre  whence 
all  the  raya  proceed,  but  every 
point  of  it  maybe  considered  as  a 
centre  which  radiates  light  in  every 
direction  {Jig.  1).  A  ray  of  light 
is  a.  single  line  of  light  projected 
from  a  luminous  body ;  and  a  pen-  ^^' 

cil  of  rays  is  a  collection  of  rays 
proceeding  from  any  one  point  of    | 
a  luminous  body,  tajig.  2. 

Philosophers  are  not  agreed  a 
to  the  nature  of  light.  Some  main 
tam  the  opinion  that  it  is  a  body  consisting  of  detached  particles,  which  are 
emitted  by  luminous  bodies,  in  which  case  the  particles  of  light  must  be 
inconceivably  minute,  since,  though  they  must  cross  each  other  in  every 
direction,  they  arc  never  known  to  interfere  with  each  other ;  others  nup- 
pose  it  to  be  produced  like  sound,  by  the  undulations  of  a  subtle  fluid 
diffused  throughout  ^1  known  space.  In  some  respects,  light  is  obedient 
to  the  laws  which  govern  bodies;  in  others,  it  appears  (o  Be  indepeodent 
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of  them.  T^UM,  though  ita  oouree  oormpoQdi  wtth  the  laws  of  moUon, 
it  does  not  Mem  to  be  influeooed  b;  those  of  grmvity  ;  for  it  has  never 
been  digcorered  to  havs  weight,  though  a  variety  of  experiments  have 
been  made  with  a  view  of  aseerlaiuing  that  point.  We  are,  however,  bo 
ignorant  of  the  intimate  nature  of  lig;ht,  that  an  attempt  to  investigate  it 
would  lead  us  into  a  labyrinth  of  perpleiity,  if  not  of  error.  We  shall 
therefore  confine  our  attention  to  such  of  its  properties  as  are  well  ascer- 
tained. 

To  return  then  to  the  examination  of  the  effects  of  the  radiation  of  light 
from  a  luminous  body;  since  the  rays  are  projected  in  straight  lines, 
when  they  meet  with  an  opaque  body  through  which  they  are  unable  to 
pass,  they  are  slopped  short  in  their  course,  for  Ihey  csotiot  move  io  a 
curve  line  round  the  body.  The  interruption  of  the  rays  of  light  by  the 
opaque  body  produces  tlieretbre  darkness  on  the  opposite  side  of  it ;  and 
if  this  darkness  fall  upon  a  wall,  a  sheet  of  paper,  or  any  object  what- 
ever, it  forms  a  shadow,  for  shadow  is  nothing  more  than  darkness 
produced  by  the  intervention  of  an  opaque  body,  which  prevents  the 
rays  of  light  from  reaching  an  object  behind  it.  You  might  suppose 
from  this  definition  of  a  shudow,  that  it  would  be  perfectly  black  ;  but  it 
frequently  happens  that  light  from  another  body  reaches  the  space  where 
the  shadow  is  formed,  in  which  case  the  shadow  is  proportionally  fainter. 
This  happens  if  the  opaque  body  be  lighted  by  two  candles  r  if  you 
extinguiiih  one  of  them,  the  shadow  will  be  both  deeper  and  more  distinct. 
Yet  it  wiil  not  be  perfectly  dark,  because  it  is  still  slightly  illuminated  by 
light  reflected  from  the  walls  of  the  room,  and  other  surrounding  objects. 

There  are  several  things   to  be  jr-     a 

observed  in  regard  to  the  form  and  ^^'  *■ 

extent  of  shadows.  If  the  lumi- 
nous body  A  (Jig.  3)  be  larger  than 
(he  opaque  body,  B,  the  shadow 
will  gradually  diminish  in  size  till  it 
terminate  in  a  point ;  if  smaller, 
the  shadow  will  continually  increase 
in  size,  as  it  is  more  distant  from 
the  object  which  projects  it.  Hie  shadow  of  a  figure.  A,  (_fig.  4)  varies 
in  size  according  to  the  distance  of  the  aeveral  surbces,  B,  C,  D,E,  on 

Fig.  A. 


which  it  is  described.  Two  lights  produce  two  shadows  from  the  same 
object.  The  number  of  lights  (in  different  directions),  while  it  decreases 
the  intensity  of  the  shadows,  incieasu  their  number  which  always  corre- 
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sponds  with  that  of  the  li^hy  ;  for  each  light  makes  the  opaque  body  east 
a  difierent  shadow,  as  illustrated  b;  fig.  5.  It  represents  a  ball.  A, 
lighted  by  three  candles,  BCD:  the  light  B  produces  the  shadow  6,  the 
light  C  the  shadow  c,  and  the  light  D  (he  shadow  d.  Now  what  becomes 
of  the  rays  of  light  which  opaque  bodies  arrest  in  their  course,  and  the 
interruption  of  which  is  the  occasion  of  shadows  ?  This  leads  to  a  very 
important  property  of  light,  Reflection. 
Fig.  5. 


When  rays  of  light  encounter  an  opaque  body,  which  they  cannot  tra- 
verse, part  of  them  are  absorbed  by  it,  and  part  are  reflected,  and  rebound 
as  an  elastic  bail  which  is  struck  against  a  wall.  Light  in  its  reflection 
is  governed  by  the  same  laws  as  solid  perfectly  elastic  bodies.  If  a 
ray  of  light  fall  perpendicularly  on  an  opaque  body,  it  is  reflected  bacli  in 
the  same  line  towards  the  point  whence  it  proceeded ;  if  it  fall  obliquely, 
it  is  reflected  obliquely,  but  in  the  opposite  direction,  the  angle  of  inci- 
dence being  equal  to  the  angle  of  reflection.*  If  the  shutters  be  closed, 
and  a  ray  of  the  sun's  light  admitted  through  a  very  small  aperture,  and 
reflected  by  a  mirror,  on  which  the  ray  falls  perpendicularly,  liut  one  ray 
is  seen,  far  the  ray  of  incidence  and  that  of  reflection  are  both  in  the 
same  line,  though  in  opposite  directions,  and  thus  are  confounded  together. 
The  ray,  therelbre,  which  appears  single,  is  in  fact  double,  being  com|>osed 
of  the  incident  ray  proceeding  to  the  mirror  and  the  reflected  ray  returning 
from  ihe  mirror.    These  may  be  sepa-  Fig.  6. 

rated  by  holding  the  mirror,  M  (Jig.  6>,  ^ 

in  such  a  manner  that  the  incident  ray, 
A  B,  shall  fall  obliquely  upon  it;  then 
the  reflected  ray,  B  C,  will  go  off  in 
another  direction.  If  a  line  be  drawn 
from  the  point  of  incidence,  B,  perpendi- 
cularly to  the  mirror,  it  will  divide  the 
angle  of  incidence  from  the  angle  of  re- 
flection, and  these  angles  will  be  equal. 

It  is  by  reflected  rays  <Hdy  that  we  see  opaque  objects.    Luminous 
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bodice  KDd  rays  of  light  immediately  to  our  eyes ;  bat  the  raye  which 
they  send  to  other  bodies  are  invisible  to  us,  and  are  seen  only  when 
reflected  or  transmitted  by  those  bodies  to  our  eyes.  Yet  it  may  be 
observed  that  the  ray  of  light  on  its  passage  from  the  sun  to  the  mirror, 
snd  its  reflection,  have  been  spoken  of  as  visible,  thoug-h  in  neither  case 
were  those  rays  ia  a  direction  to  enter  our  eyes.  The  fact  is,  that  what  is 
seen  is  the  light  reflected  to  the  eye  by  small  particles  of  dust  floating  ia 
the  air,  and  un  which  the  ray  shone  in  its  passage  to  and  from  the 
mirror.  So  when,  in  common  phrase,  we  speak  of  seeing  the  sun  shiniog 
on  an  opposite  house,  it  is  impossible  to  see  a  single  ray  which  passes 
from  the  sun  to  the  house :  no  rays  are  visible  but  those  which  enter  our 
eyes ;  therefore  it  is  the  rays  which  are  reflected  by  the  house,  and  uot 
those  which  proceed  from  the  sun  to  the  house,  that  are  seen.  Why, 
llien,  does  one  side  of  the  house  appear  to  be  in  sunshine,  and  the 
other  in  the  shade;  for  if  we  cannot  see  the  sun  shine  upon  it,  (he 
whole  of  the  house  should  appear  in  the  shade  ?  That  side  of  the  house 
on  which  the  sun  shines  reflects  more  vivid  and  lumiuous  rays  than  the 
side  which  is  in  shadow,  the  latter  being  illumined  only  by  rays  reflected 
npou  it  by  other  objects :  these  rays  arc  therefore  twice  reflected  before 
they  reach  our  sight;  and  as  light  is  more  or  less  absorbed  by  the  bodies 
it  strikes  upon,  every  time  a  ray  is  reflected  its  intensity  is  dimiuished. 
Thus,  on  a  loj^e  sheet  of  water  the  sun  appears  to  shine  on  one  part 
only,  though  the  whole  of  it  is  equally  exposed  to  its  rays.  This  partial 
brilliancy  of  water  is  more  remarkable  by  moonlight,  on  account  of  the 
deep  obscurity  of  the  surrounding  ports.  To  account  for  this,  it  must  he 
remembered  that  the  direction  of  a  reflected  ray  depends  on  ttiat  of  the 
incident  ray;  the  sun's  rays,  therefore,  which  fall  with  various  degrees  of 
obliquity  upon  the  water,  are  reflected  in  directions  equally  various :  some 
of  these  will  meet  the  eye,  and  it  will  see  them,  but  those  which  fall 
elsewhere  are  invisible  to  it*. 

Let  us  now  examine  by  what  means  the  rays  of  light  produce  vision. 
They  enter  at  the  pupil  of  the  eye,  and  proceeding  to  the  retina  or  optic 
nerve,  which  is  situated  at  the  back  of  the  eye-ball,  there  describe  the 
figure,  colour,  and  (with  the  exceptiou'of  size)  form  a  complete  repre- 
sentation of  the  object  from  which  they  proceed.  If  the  shutters  be 
closed,  and  a  ray  of  light  admitted  through  the  small  aperture,  a  picture 
may  be  seen  on  the  opposite  wall  similar  to  that  which  is  delineated  on 
the  retina  of  (he  eye :  it  exhibits  a  picture  in  miniature  of  the  garden,  and 
the  landscape  would  be  perfect  were  it  not  reversed.  This  picture  is 
produced  by  the  rays  of  light  reflected  from  the  various  objects  in  the 
garden,  and  which  are  admitted  through  the  hole  in  the  window-shutter. 
It  is  called  a  camera  obscura  (^dark  chamber),  from  the  necessity  of 
darkening  the  room  in  order  to  exhibit  iL 

The  rays  from  the  glittering  weathercock  at  the  (op  of  the  alcove,  A 
(fig.  7),  represent  it  at  a ;  for  the  weathercock  being  much  higher  than 
the  aperture  in  the  shutter,  only  a  few  of  the  rays,  which  are  reflected  by 
it  in  an  obliquely  descending  direction,  can  And  entrance  there.  The 
rays  Of  light  moving  always  in  straight  lines,  those  which  enter  the  room 
in  a  descending  direction  will  continue  their  course  in  the  same  direction, 
and  will,  consequently,  fall  upon  the  lower  part  of  (he  wall  opposite  the 
aperture,  and  represent  the  weathercock  reversed  in  that  spot,  instead  of 
erect  in  the  uppcmost  part  of  the  landscape ;  and  the  rays  of  light  from 
the  flteps,  B,  <^  the  alcove,  in  entering  the  apenure,  ascendt  and  describe 
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them  ID  the  highest  instead  of  the  lowest  part  of  the  landscape  ;  whilst 
the  rays  proceedia;;  from  the  alcove,  which  is  to  tht  led,  deBcribe  it  on 
the  wall  to  the  right.  Those  which  are  reflected  by  the  walnut-lree,  C  D. 
to  the  right,  delineate  its  figure  in  the  picture  to  the  led,  e  d.  Thus  the 
rayg,  coining  in  ditTerent  directions,  and  proceeding  always  in  straight 
lines,  cross  each  other  at  their  entrance  through  the  apertures:  those 
from  above  proceed  below,  those  from  the  right  go  to  the  left,  those  from 
the  lefl  towards  the  right ;  thus  every  object  is  represented  in  the  picture 
as  occupying  a  situation  the  very  reverse  of  that  which  it  does  in  nature, 
excepting  the  fiower-pot,  E  F,  which,  though  its  position  is  reversed, 
does  not  chani^e  its  situation  in  the  landscape  ;  for  being  immediately  in 
front  of  the  aperture,  its  rays  fall  perpendicularly  upon  it,  and  coDse- 
quently  proceed  perpendicularly  to  the  wall,  where  they  delineate  the 
object.  It  is  thus  that  the  picture  of  object*  is  painted  on  the  retina  of 
the  eye.  The  pupil  of  the  eye,  through  which  the  rays  of  light  enter, 
represents  the  aperture  in  the  window-shutter ;  and  the  image  delineated 
on  the  retina  is  exactly  similar  to  the  picture  on  the  nail. 

The  retina  of  the  eye  exhibits  a  much  more  perfect  image  than  any 
mirror  :  the  extensive  landscape  beheld  from  the  window  is  there  repre- 
sented with  the  greatest  accuracy.  Art  would  in  vain  attempt  to  paint 
so  small  and  distinct  a  miniature ;  but  Nature  works  with  a  surer  hand 
and  a  more  delicate  pencil.  That  Power  which  forms  the  feathers  of  the 
butterfly  aud  the  flowerets  of  the  daisy  can  alone  pourtray  so  admir- 
able and  perfect  a  miniature.  As  the  rays  intersect  each  other  on  entering 
the  pupil,  in  the  same  maimer  as  they  do  on  entering  the  camera  obscura, 
the  image  is  reversed.  Hie  scene,  however,  does  not  excite  the  ides 
of  being  inverted,  because  we  always  see  au  object  in  the  direction  of  the 
rays  which  it  sends  to  us.  How  it  is  that  we  do  so  is  ■  point  rather  diffi- 
cult to  explain  clearly.  The  following,  however,  aeems  to  be  the  best 
explanation  : — A  ray  which  comes  from  the  upper  part  of  an  object  de- 
scribes the  image  on  the  lower  part  of  the  retina;  but  experience  having 
taught  us  that  a  ray  which  strikes  the  retina  there  comes  from  above,  we 
consider  that  part  of  the  object  it  represents  as  uppermost.    The  rays 
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proceeding  from  the  lower  part  of  an  object  fall  upon  the  upper  part  of 
the  retina  ;  but  aa  we  know  their  direction  to  be  from  below,  we  see  that 
part  of  the  ol^ect  they  describe  as  the  lowest.  When  you  wish  to  see 
an  object  above  you,  you  look  upwards ;  when  an  object  below,  you  look 
downwards.  You  look  up  to  see  an  elevated  object,  for  it  is  only  thus 
that  the  wya  which  proceed  from  it  ftll  upon  the  retina  of  your  eyes, 
and  they  must  do  so  if  you  are  to  see  the  object  j  but  the  very  circumstance 
of  directing  yeur  eyes  upwards  convinces  you  that  the  object  is  elevated, 
and  teaches  you  to  consider  as  uppermost  the  image  it  forms  on  the  retina, 
though  it  is  in  fact  represented  In  the  lowest  part  of  it.  When  you  look 
down  upon  an  object,  you  draw  your  conclusion  from  a  similar  reason- 
ing. It  is  ^lua  that  we  see  all  objects  in  the  direction  of  the  rays  which 
reach  our  eyes. 

The  diflferent  apparent  dimensions  nf  objects  at  different  distances  pro- 
ceed from  our  seeii^.  not  the  objecU  themselves,  but  merely  their  imaffe 
on  the  reUna.     Fig.  3  represents  a  row  of  trees,  as  viewed  in  the  can)era 
Fig.B. 


ubscura;  the  direction  of  the  rays  from  the  object*  to  the  image  is  ex- 
])rrs:<ed  by  lines.  Observe  that  the  ray  which  comes  from  the  top  of  the 
iiearfst  tree,  and  that  which  cornea  from  the  foot  of  the  same  tree,  meet 
at  the  aperture,  forming  an  angle  of  about  twenty-five  degrees ;  this  is 
culled  the  angle  of  vision,  being  that  under  which  we  see  the  tree.  These 
niys  cross  each  other  at  the  aperture,  and  represent  the  tree  inverted  in 
the  camera  obacura.  The  dimeiisious  of  the  image  are  considerably 
smaller  than  those  of  the  object,  but  the  proportions  are  perfectly  pre- 
served. Tbe  upper  and  lower  ray,  from  the  most  distant  tree,  form  an 
on^le  of  not  more  than  twelve  or  fifteen  de^es,  and  an  image  of  propor- 
tional dimensiona.  Thus  two  objecLi  of  the  same  size,  as  the  two  trees 
rif  the  avenue,  form  figures  of  different  sizes  in  tbe  camera  obacura, 
vccording  to  their  distance,  or,  in  other  words,  according  to  the  angle  of 
vision  under  which  ^cy  are  seen. 

The  experien(;e  we  acquire  by  the  sense  of  touch  corrects  the  errors 
of  our  Bight  with  r^ard  to  objects  within  our  reach ;  we  are  so  perfectly 
convinced  of  tbe  real  size  of  objects  which  we  can  handle,  that  we  do  not 
attend  to  their  apparent  difference.  The  opposite  house  does  not  appear 
to  you  much  smaller  than  if  you  were  close  to  it ;  and  yet  you  see  the 
whole  of  it  through  one  of  the  windows  of  the  room  you  sit  in,  and  the 
image  of  the  house  on  your  retina  must  be  very  considerably  smaller  than 
that  of  the  window  through  which  you  see  it  Those  accustomed  to  draw 
from  nature  are  well  aware  of  this  difference.  When  we  look  up  an 
avenue,  the  trees  not  only  appear  smaller  as  they  are  more  distant,  but 
Mem  gradually  to  approach  each  other  till  they  meet  In  a  point,  for  the 
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roBid  which  sepBiates  the  tno  rows  forms  »  smaller  visual  angle,  in  pro- 
portion as  it  is  more  distant  from  us ;  therefore  the  widlli  of  the  road 
seems  gradually  to  diminish  as  well  as  the  size  nf  the  trees,  till  at  length 
the  road  apparently  terminates  in  a  point,  at  which  the  trees  seem  to 

In  nculplure  we  copy  Nature  as  she  really  esistn ;  in  painting  we 
represent  her  as  she  appears  to  us — tliat  is  to  say,  we  do  not  copy  the 
objects,  but  the  image  they  form  on  the  retina  of  the  eye. 

If  an  object,  with  an  ordinary  degree  of  illumination,  does  not  sub- 
tend an  angle  of  more  than  half  a  miiiule  of  a  degree,  it  is  inTisible. 
There  are,  consequently,  two  cases  in  which  objects  may  be  invisible, 
eilher  if  they  are  too  small,  or  so  distant  as  to  form  so  angle  less  than  one 
second  of  a  degree.  The  fixed  stars  subtend  much  smaller  angles,  and 
yet  are  visible  ;  but  they  are  bodies  luminous  in  themselves,  and  possess 
much  more  than  an  ordinary  degree  of  illumination.  In  like  manner,  if 
the  velocity  of  a  body  be  so  small  that  the  arc  which  it  describes  in  an 
hour  does  not  subtend  an  angle  of  more  than  twenty  degrees,  its  motion  is 
imperceptible  r  consequently  a  very  r«pid  motion  may  then  be  imper- 
ceptible, provided  the  distance  of  the  movinf^  body  be  sufficiently  great ; 
for  the  greater  its  distance,  the  smaller  will  be  the  angle  under  which  its 
motion  will  appear  to  the  eye.  It  is  for  this  reason  diat  the  motion  of 
the  celestial  bndies  is  invisible,  notwilhstanding  their  immense  velocity ; 
fiir  the  greatest  appUTent  motion  of  any  celestial  body  does  not  exceed 
fifteen  degrees  in  an  hour,  being  that  seemingly  produced  in  a  body  at 
the  equator  by  the  revolution  of  the  earth.  The  greatest  of  the  real 
motions  is  that  of  the  moon,  and  even  that  does  not  exceed  about  thirteen 
degrees  in  a  day.  The  real  velocity  depends  altogether  on  the  space 
comprehended  in  each  degree ;  and  this  space  depends  on  the  distance 
of  the  object  and  the  obliquity  of  its  path.  Now  we  cannot  judge  of  the 
velocity  of  a  body  in  motion  unless  we  know  its  dislance  ;  for,  supposing 
two  men  to  set  off  at  the  same  moment  from  A  and  B  ifg.  9),  to  whIIc 
each  to  the  end  of  Jidr  respective  lines  C  and  D,  if  they  perform  their 
walk  in  the  same  space  of  time,  they 
Fig.  9>  must  have  proceeded  at  a  very  different 

rate;  and  yet  to  an  eye  situated  at  £, 
they  will  appear  to  have  moved  with 
equal  velocity,  because  they  will  both 
have  gone  through  an  equal  number  of 
degrees,  though  over  a  very  unequal 
length  of  ground.  Sight  cannot  be 
implicitly  relied  on:  it  deceives  us, 
both  in  regard  to  the  size  and  the  dis- 
tance of  objects — indeed  our  senses 
would  be  very  liable  to  lead  us  inio 
error,  if  experience  did  not  set  us  right. 
Nothing  more  convincingly  shows  how 
requisite  experience  is  to  correct  the 
errors  of  sight,  than  the  cose  of  a  young 
man  who  was  blind  from  his  infancy, 
and  who  recovered  his  sight  at  the 
age  of  fourteen,  by  the  operation  of 
couching.  At  first  he  had  no  idea 
either  of  the  size  or  distance  of  ob- 
ject!, but  imagined  that  ever;  thing  he  saw  Uniched  hit  eyes ;  and  it  nu 
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not  till  tfiei  faaving  repeatedly  felt  them,  ftnd  walked  from  one  ol^ect  to 
aoother,  that  lie  acquired  an  idea  of  their  respective  dimenBione,  their 
relative  aituationg,  aad  their  diatances. 

Since  an  imag^e  is  formed  on  the  retina  of  each  of  oar  eyes,  it  would 
seem  that  we  ought  to  see  objects  double.  In  fact,  however,  we  do  not ; 
and  perhaps  the  best  solution  which  has  been  oflered  of  the  difficulty  b 
this,  that  the  action  of  the  rays  on  the  optic  nerve  of  each  eye  is  wo  perfccUy 
similar,  that  they  produce  but  a  single  sensation ;  the  mind,  therefore, 
receives  the  same  idea  from  the  retina  of  both  eyeo,  and  conceivea  th« 
abject  to  be  single.  It  is,  however,  safer  to  treat  the  6ct  a*  Doe  eatab- 
lished  by  experience,  but  not  admitting  of  any  satisbctory  explanation  ; 
for  the  manner  in  which  external  objects  act  upon  the  mind  admit*  of 
no  direct  observation,  and  all  theories  respecting  it  can  therefore  rest  on 
no  sound  foundation.  Persons  affiicted  with  a  disease  in  one  eye,  which 
prevents  the  rays  of  light  from  acting  it  in  the  same  manner  as  the 
other,  frequently  see  double. 

The  image  of  an  object  in  a  looking-glass  is  not  inverted,  because 
the  rays  do  not  enter  the  mirror  by  a  small  aperture,  and  cross  each  other, 
as  they  do  at  the  orifice  of  a  camera  ohscuro,  or  the  pupil  of  the  eye. 

When  a  man  views  hinaelf  in  a  mirror,  the  raya  from  his  eyea  tall 
perpendicularly  upon  it,  and  are  reflected  in  the  same  line ;  they  proceed, 
therefore,  as  if  they  had  come  from  a  point  behind  the  glass,  and  the 
same  effect  ia  produced,  as  if  they  proceeded  from  an  image  of  the  object 
described  behind  the  glass,  and  situated  there  in  (he  same  manner  as  the 
object  before  it  This  is  not  the  case  only  with  respect  to  rays  falling 
perpendicularly  on  the  glass,  but  vrith  all  others.  Thus  in  ^g.  10,  a 
ray  proceeding  from  the  point  C  to  D  is  reflected  to  A,  and  arrives  there 
in  the  same  manner  aa  if  it  hod  proceeded  from  E,  a  point  behind  the 
glass,  at  the  same  distance  from  it  as  C  ia  in  front  of  it. 

A  man  may  see  himself  at  full  length  in  a  mirror  which  is  not  more 
than  half  his  height  (Jig.  10).  The  ray  of  light,  AB,  from  his  eye  which 
&lls  perpendicularly  on  the  mirror,  B  D,  will  be  reflected  back  in  the 
■ame  line ;  but  a  ray,  C  D,  from  his  feet,  which  falls  obliquely  on  the 
mirror,  will  be  reflected  in  the  line  D  A ;  and  since  we  view  objects  in 
the  direction  of  the  refiected  rays,  which  reach  the  eye,  and  the  image 
appears  at  the  same  distance  behind  the  mirror  aa  the  object  is  before  it, 
wemust  continue  the  line  A  D  to  E,  and  the  line  A  B  to  F,  at  the  termi- 
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nmtkm  <rf  which  the  image  witl  be  represtnted.  The  tiae  DB  l>  equal 
to  D  C,  orto  D  A  ;  and  the  line  A  B  D  thererore,  «hich  repre»ents  the 
neceuar;  length  of  the  mirror,  is  hair  the  line  E  P,  which  represents  the 
bci^t  of  the  p«raon.  The  man  could  not  see  the  whole  of  hia  person  in 
t,  mudi  mallfr  mirror;  for  a  ray  of  light  front  his  feel  would  fall  so 
abliqaclf  tm  it.  that  h  would  be  reflected  above  his  head,  so  that  he  could 
■M  M*  it.  Thia  is  shown  b;  (he  dotted  line  {Jig.  10).  A  man  cannot 
■M  himMlf  in  >  mirror  )f  he  stand  to  the  ri^t  or  the  left  of  It,  because 
th«  isflident  fays  faDIng;  obliquely  on  (he  mirror  will  be  reflected  obliquely 
w  the  opposit*  direction,  the  angles  of  incidence  and  of  reflection  being 
tqaaL 

Kg.  11  represents  an  eye  looking  at  the  image  of  a  vase,  reflected  by  a 
mirror :  it  Most  see  It  fn  the  direction  of  the  ray  A  B,  as  that  is  the  ray 
whidi  brings  the  image  to  the  eye ;  prolong  the  ra;  to  C,  and  In  that  spot 
will  the  image  appear.  You  must  observe,  that  in  a  glass  mirror  it  is  not 
the  glass  that  reflects  the  rays  which  form  the  image,  but  the  mercury 
behind  it.  The  glass  acts  cblefly  as  a  transparent  case,  through  which 
the  rays  And  an  easy  passage.  Could  mirrors  be  made  of  mercury,  they 
would  reflect  more  perfectly  ;  but  mercury  Is  a  fluid.  By  Hmalgamating  it 
with  tin-foil,  it  becomes  of  the  consistence  of  paste,  attaches  itself  to  the 
glass,  and  forms,  in  faet,  a  mercurial  mirror,  which  would  be  much  more 
perfect  witliotil  its  glass  cover,  for  the  purest  glass  is  never  completely 
transparent :  some  of  the  rays,  therefore,  are  lost  during  their  passage 
through  it,  by  being  either  absorbed,  or  irregularly  reflected.  This  im- 
perfection of  glass  mirrors  has  introduced  the  use  of  metallic  mirrors,  for 
uptical  purposes.  All  opaque  bodies  would  be  mirrors,  were  tlieir  xurfaces 
sufflciently  smooth ;  but  the  surface  of  bodies  in  general  is  so  rough  and 
uneven,  that  their  reflection  Is  eitremely  irregular,  which  prevents  the 
ra\a  from  forming  an  image  on  the  retina.  Tou  may  easily  conceive  the 
variety  of  directions  in  which  rays  would  be  reflected  by  a  nut  meg- grater, 
on  Bcconnt  of  the  inequality  of  its  surface,  and  the  number  of  holes  with 
which  it  is  pierced.  Now  all  solid  bodies  resemble  the  nutmeg-grater  in 
these  respects,  more  or  less  ;  and  it  is  only  those  which  are  susceptible  of 
receiving  a  polish,  that  can  be  made  to  reflect  the  rays  with  regularity. 
As  hard  bodies  are  of  the  closest  texture,  the  least  porous,  and  capable  of 
taking  the  highest  polish,  they  make  the  best  mirrors :  none,  therefore, 
are  so  well  calculated  for  this  purpose  as  metals. 

There  are  three  kinds  of  mirrors  used  in  optics :  the  plane  or  flat, 
which  are  the  common  mirrors  we  have  just  mentioned,  convex  mirrors, 
and  concave  mirrore.  The  reflection  of  the  two  latter  is  very  difierent 
from  that  of  the  former. 

The  plane  mirror,  we  have  seen,  does  not  alter  the  direction  of  the 
reflected  rays,  and  forms  an  image  behind  the  glass  exaclly  similar  to  the 
object  before  it:  for  it  forms  an  image  of  eacli  point  of  the  object  at  the 
same  distance  behind  the  mirror,  that  the  point  is  before  it;  and  these 
images  of  the  different  points  together  make  up  one  image  of  tlie  whole 
object,  A  convex  mirror  has  the  peculiar  property  of  making  the  reflected 
rays  diverge,  by  which  means  it  diminishes  the  image;  and  a  concave  mi  rmr 
makes  the  rays  converge,  and,  under  certain  circumstances,  magnifies  the 
image.  Let  us  begin  by  examining  the  reflection  of  a  convex  mirror.  This 
is  formed  of  a  portion  of  the  exterior  surface  of  a  sphere.  When  several 
parallel  rays  fall  upon  it,  that  ray  only  which,  if  prolonged,  would  past 
through  the  centre,  or  axis  of  the  mirror,  is  perpendicular  to  it.  In  order 
to  avoid  confusion,  we  have,  in  fig.  12,  drawn  only  three  paralld  linea, 
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AB,  CD,  EF,  to  ittpKsedt  rays  fklling  on  the  coovex  mirror  MM ;  tin 
F¥.  12, 


middle  ny,  ynn  wiH  observe,  is  perpendicular  to  the  mirror,  the  others 
&II  on  It  obliquely.  The  three  rays  being  parallel  would  all  be  perpendi- 
cular to  a  flat  mirror ;  but  no  ray  can  fail  perpendicularly  on  ■  spherical 
mirror,  which  is  not  directed  towards  the  centre  of  the  sphere,  just  ai  & 
weight  falls  perpendicularly  to  the  earth  when  g^ravity  attracts  it  towards 
the  centre.  In  order,  therefore,  that  rays  may  fall  perpendicularly  to  the 
mirror  at  B  and  F,  the  rays  must  be  in  the  direction  of  the  dotted  lines, 
which  meet  at  the  centre,  O,  of  the  sphere,  of  which  the  mirror  forma 
a  portion. 

Now  let  us  observe  in  what  direction  the  three  rays  A  B,  C  D,  E  P, 
will  be  reflected.  The  middle  ray  falling  perpendicnlarly  on  the  mirror, 
will  be  reflected  in  tba  same  line ;  the  two  others  foiling  obliquely,  will 
b«  reflected  obliquely  to  O  and  H,  for  the  dotted  lines  are  perpendiculars, 
whii^  divide  their  angles  of  incidence  and  reflection,  or  they  will  proceed 
as  if  they  came  from  the  point  L ;  and  since  we  see  objects  In  the  (Urection 
of  the  reflected  ray,  ws  shall  see  an  image,  answering  to  that  which  wonid 
be  produced  by  a  body  placed  at  L,  which  is  the  point  at  which  the 
reflected  rayi,  if  continued  through  the  mirror,  would  unite  and  fomt 
an  image.  This  point  is  equally  distant  from  the  surface  and  centre 
of  the  sphere,  and  is  called  the  imaginary  focus  of  the  mirror.  A  focus 
is  a  point  at  which  converging  rays  unite;  in  this  case  called  an  imaginary 
focus,  because  the  rays  only  appear  to  unite  tliere,  or  rather  proceed 
after  reflection  in  the  same  direction  as  if  they  came  from  behind  the  mirror, 
from  that  point :  for  they  do  not  pass  through  the  mirror,  since  t2iey  are 
reflected  by  it. 

If  the  rays  diverge  before  they  &11  on  the  mirror,  they  will  diverge  stHl 
more  after  reflection ;  but  in  this  case  also  they  will  diverge  as  H  they 
proceeded  from  ■  point  within  the  mirror,  which  Is  the  focus  of  those  rays. 
The  rays,  therefore,  which  really  proceed  fiom  a  point  (n  front  of  the 
mirror,  will  appear  to  proceed  mim  a  point  within  It,  at  which  they  would 
unite,  and  form  an  image.  This  point  within  the  mirror,  fike  the 
imaginary  focus  of  parallel  rays,  is  always  a  point  in  the  line  joining  the 
Centre  of  the  sphere,  with  the  point  without  the  mirror,  ttom  which  the 
rays  really  proceed. 

If,  instead  of  supposing  a  single  luminous  point,  we  imagine  a  body  of 
■ome  magnitude  placed  before  the  mirror,  the  lays  of  light  which  proMed 
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from  each  paint  of  it  will  be  reflected  eiBctl;  in  the  aune  muiner  u  if 
Ihftt  wu  a  single  luminoUB  point :  and  an  image  of  that  point  therefore 
will  be  formed  a*  before,  in  the  line  joining  that  point  to  the  centre  of  the 
sphere.  An  image  bong  thus  fonned  of  each  point  in  the  ol^ect,  there 
will  be  an  image  of  the  whole  object,  formed  by  the  collection  of  these 
images  of  its  difierent  parte. 


J!!*.  IS 


"niis  image  will  necessarily  be 
smaller  than  the  olyect  itself.  If 
A  B  be  an  ol^ect  placed  before 
the  convex  mirror,  XY,  end  lines 
be  drawn  from  its  extreme  points, 
A  B  to  O,  the  centre  of  the  sphere 
of  which  the  mirror  forms  pert, 
the  image  of  the  point  A  will  be  at 
a,  a  point  in  the  line  A  O  ;  that  of 
B  at  A,  a  point  in  the  line  B  O ; 

and  of  conrse  the  image  of  every  intermediate  point  somewhere  between 
a  and  b.  Or,  in  other  words,  the  rays  which  really  proceed  firom  A  are 
seen  after  rtflection  as  if  they  proceeded  from  a ;  those  from  B  as  if  they 
proceeded  from  b ;  and  all  others  as  if  from  some  point  between  them. 
The  lines  A  O,  B  O,  converge  to  a  point  at  O ;  and  the  points  a,  b,  which 
are  nearer  to  O  than  A,  B  are,  are  necessarily  nearer  together  than  A,  B. 
'nie  space,  therefore,  from  which  the  rays  after  reflection  appear  to  pro- 
ceed is  less  than  that  occupied  by  the  body  itself,  as  the  image  is  smaller 
than  the  object. 


Fig.  14. 


A  concave  mirror  is  formed  of  a 
portion  of  the  internal  surface  of  a 
hollow  sphere,  and  its  peculiar  pro- 
perty is  to  make  the  raysof  li^t  con- 
verge. If  three  parallel  rays,  A  B, 
CD,  £  F,  fall  on  the  concave 
mirror,  M  N  (Jg.  14),  the  middle 
ny  will  be  reflected  in  the  same 
line,  being  in  the  direction  of  the 
axis  of  the  mirror,  and  the  two 
others  will  be  reflected  obliquely, 
as  they  fall  obliquely  on  the  mirror. 

"Hie  two  dotted  perpendiculars  divide  their  angles  of  incidence  and  reflection; 
and  in  order  that  these  angles  may  be  equal,  the  two  oblique  rays  must  be 
reflected  to  L,  where  they  will  unite  with  the  middle  ray.  Thus,  when  any 
number  of  parallel  rays  fall  on  a  concave  mirror,  they  are  all  reflected  to  a 
focus :  for  in  propration  as  the  rays  are  more  distant  from  the  axis  of  the 
mirror,  they  fiill  more  obliquely  upon  it,  and  are  more  obliquely  reflected  : 
in  consequence  of  which  they  come  to  a  focus  in  the  direction  of  the  axis  of 
the  mirror  -,  and  this  point  is  not  an  imaginary  focus  (as  with  the  convex 
mirror],  but  the  true  focus  at  which  the  rays  unite.  If  rays  fall  convergent 
on  a  concave  mirmr  (Jig.  lb),  they  are  sooner  brought  to  a  focus,  L,  than 
parallel  rays :  thdr  fbciu  is  therefore  nearer  to  the  mirror  HN.  Divergent 
rays  are  brought  to  a  more  distant  focus  than  parallel  rays,  as  in  fig.  16, 
where  the  focus  is  at  L ;  bui  the  true  focus  of  mirrors,  either  convex  or 
concave,  is  that  formed  by  parallel  rays,  which  is  equally  distant  from  the 
centre  and  the  surfiwe  of  the  sphere,  as  in  fig.  12  and  fig.  14.  If  a 
metallic  concave  mirror  of  polished  tin  be  exposed  to  the  sun,  the  rays 
will  be  collected  into  a  very  brilliiuit  focus;  and  a  piece  of  paper  b«d 
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in  thia  focus  will  take  fire;  for  nys  of  light  csnnot  be  conccntnled 

wilhout  accamulating  a  proportional  quantity  of    beat:     hence  cou- 

caTe  mirrors  have  obtained  Uie  name  of 

burning  mirrora.      If  a  burning  taper 

be  placed  in  the  focus  {Jig.  17),  tbe 

ray  which  falls  in  tbe  direction  of  tbe 

axia  of  the  mirror  will  be  reflected  back 

in  the  same  line ;   hut  two  other  rays, 

dmwn  from  the  focus,  and  &lling  on  the 

mirror  at  B  and  F,  will  be  reflected  to 

A  and  E.     Therefore  the  rays  which 

proceed  from  a  li^t  placed  in  the  focns 

of  a  concave  mirror  fall  divergent  npOD 

it,  and    are    reflected    parallel :    it  is 

exactly  the  reverse  of  the  former  figure,  in  which  the  sun's  rays  fell 

par^lel  on  the  mirror,  and  were  reflected  to  a  focus.     In  other  words, 

wlien  the  incident  rays  are  parallel,  the  reflected  rays  converge  to  a  focus ; 

when  the  incident  rays  proceed  from  the  focus,  they  are  reflected  parallel : 

this  is  a.  very  important  law  of  optica.     We  have  said  that  the  image  waa 

formed  in  the  focus  of  a  concave  mirror,   yet  glass  concave  mirrors 

are  ofien  seen,  where  the  object  is  represented  within  tbe  mirror,  i  n  tbe 

same  manner  as  in  those  which  are  convex.     This  is   tbe  case  only 

when  the  object  is  placed  between  the  mirror  and  its  fbcna ;  the  image 

then  appears  magnified  behind,  or  within  tbe  mirror. 


Sbctioft  II. — On  Rejractiori  aTtd  Colour*. 

RErBiCTiOH  ia  the  eflect  which  transparent  medinms  produce  on  light  in 
its  passage  through  them.  Opaque  bodice  reflect  the  rays,  and  transpa- 
rent bodies  transmit  them  ;  hut  it  is  found  that  if  a  ray,  in  paasing  from 
one  medium  into  another  of  difierent  density,  fall  obliquely,  it  is  turned 
out  of  its  course.  The  power  which  causes  the  deviation  of  the  ray  is  not 
fully  understood,  nor  completely  ascertained ;  but  the  appearances  are 
the  same  as  if  the  ray  (supposing  it  to  bea  snccession  of  moving  pa{ticles, 
which  is  for  this  purpose  the  most  convenient  way  of  considering  it)  wero 
attracted  by  the  denser  medium  more  strongly  than  by  tbe  rarer.  Let  us 
suppose  (he  two  mediums  to  be  air  and  water;  when  a  ray  of  light  passea 
from  air  into  water,  it  appeara  to  be  more  strongly  attracted  by  the 
latter.    If  then  &  ny,  A  B  (Jig.  18),  fall  peipendicularij  on  water,  the 
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attnctian  of  tbe  wsler  acts  in  the  same  direction  sb  the  course  of  the 
ra; ;  it  will  not  therefore  cause  a  deviation,  and  the  ray  will  proceed 
Btrai^ht  on  to  E  ;  but  if  it  f&ll  obliquely,  as  the  ray  C  B,  the  water  will 
attract  it  out  of  its  course.  Let  us  suppoM  the  ray  to  have  reached  the 
surface  of  a  denser  medium,  and  that  it  is  there  tiffecled  by  its  attraction. 
If  not  counteracted  by  some  other  power,  this  attraction  would  draw  it 
perpendicularly  to  the  water  at  B,  towards  £  ;  but  it  is  also  impelled  by 
its  projectile  force,  which  the  attraction  of  the  denser  medium  cannot 
overcome  :  the  ray,  therefore,  acted  on  by  both  these  powers,  moves  in  a 
direction  between  them,  and  instead  of  pursuing  its  original  course  to  D, 
or  being  implicitly  guided  by  the  water  (o  E,  proceeds  towards  F,  so  that 
the  ray  appears  bent  or  broken.     CB  (^f.  19}  represents  a  ray  passing 
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obliquely  from  (lass  into  water ;  glass  being  the  denser  medium,  the  nj 
will  be  more  strongly  attracted  by  that  which  it  leaves,  than  by  (hat 
which  it  enters.  The  attraction  of  the  glass  would  act  in  tbe  direction 
A  B.  while  tbe  impulse  of  projection  would  carry  the  ray  to  F:  it  moves, 
therefore,  between  these  directions  towards  D;  so  thai  when  a  raj 
passes  from  a  dense  into  a  rare  mediuBi,  u  refraction  takes  place  in 
the  opposite  direction  to  that  observed  when  the  my  passes  from  a  rare 
into  a  dense  medium.  The  distance  at  which  (ha  denser  medium  produces 
its  effect  upon  a  ray  is  so  small  as  lo  be  insensible :  the  ray  appears, 
therefore,  to  be  refracted  only  at  the  point  at  which  it  passes  from  one 
medium  to  the  other,  and  passes  on  in  a  straight  course  through  each. 


Fig.  20. 


If  a  shilling  (^.  20)  be  placed 
I  the  bottom  of  an  empty  tea- 
cup, and  the  tea-cup  at  such  f 
distance  from  the  eye  that  the  rim 
shall  hide  the  stitlling,  it  will 
become  visible  by  filling  the  cup 
with  water.  lu  the  first  instance, 
the  rays  reflected  by  the  shilling 
art  directed  higher  than  the  eye, 
bat  when  the  cup  is  filled  with 
wat^r,  they  are  refracted  by  its 
attnotion,  and  bcHtdownwards  at 
qdiiiing  it,  bo  as  (o  enter  the  eye. 
Wh«a  the  shilling  becomes  visible 
bythereA«ctioBortbcray,  youdo  not  see  it  it)  the  situstiM)  which  it  really 
eeeupiea,  but  aa  inage  of  it  higher  in  the  cup ;  tor  as  li^eeU  alwqn 
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,  ir  to  1m  MtntUd  in  tbe  dincttoo  of  ttw  raja  whinh  tRtur  tfa*  eyti  tW 
iiliiag  will  be  seen  in  the  directioa  of  the  retracUd  np  at  fl. 

liie  roaunei  ia  which  an  oar  eppcsra  bant  in  water  ia  a  liinilar  afliMf 
of  refraction.  The  lioe  drawn  from  the  point  A  to  the  •bjHipg  ia  (ha 
last  figun  majr  now  be  coDceived  to  represent  sn  oar  pluagtd  in  wnterj 
(he  Lowest  point  being  represented  jn  the  figure  by  the  little  ORtlCi  will, 
as  before,  nave  an  image  o[  itself  fonne4  apparently  ahovit  it,  a«  at  B, 
In  like  msODCr  every  point  of  the  oar  below  th»  wr&qe  of  tb#  water  will 
have  ao  image  of  ilseff  formed  above  it  at  aome  point  in  the  dotted  liw 
in  iba  figure,  and  the  whole  dotted  line  will  raprfaeat  the  wtuJe  image 
pf  that  part  i^  the  oar  which  ig  immersed.  The  part  of  the  oar  above  tba 
water,  extending  to  A,  ia  seen  in  its  natnral  position  (  that  beiow  the 
water  ia  aeen  br  if  reaching  along  the  dotted  line  to  B  ;  the  oar,  ihefe* 
fore,  appears  bent  or  brokep  at  the  surface  of  the  water.  The  fact  of  the 
fbrmatioa  of  an  image  oiotw  the  true  place  of  the  body  doe^  not  depend 
iva  the  situation  of  the  eye.  The  repreaentation  of  the  eye  ip  the  figure 
tbercfore,  which  was  introduced  in  the  former  paragraph,  to  explain  the 
Cau»  of  a  single  ray,  is  not  necessary  or  particularly  applicabla  to  the 
present  mbjecL 

When  we  see  the  bottom  of  a  clear  stream,  the  rays  which  It  reflects, 
being  refracted  in  tfaar  passage  from  the  water  into  the  air,  will  make  the 
bottom  appear  more  elevated  than  it  really  is,  and  the  water  wilt  conae* 
quenOy  appear  more  shallow.  Accidents  have  frequently  been  occasioned 
by  this  circumstance  ;  and  boys  who  are  in  the  habit  of  bathing  ahould  be 
cautioned  not  to  trust  to  the  apparent  shallowness  of  water,  as  it  will 
always  prove  deeper  than  it  appears. 

The  refiraction  of  light  prevents  our  seeing  the  heavealy  bodies  in 

their  real    situation.      The  light  they  send  to  us  being  refracted  in 

passing  into  the  atmosphere,  we  see  the  sun  and  aUn  in  the  direction 

Fig.  21. 


of  the  refracted  ray,  aa  described  in  fig.  81,  where  the  dotted  line 
represents  the  extent  of  the  atmosphere,  above  a  portion  of  the  earth, 
E  B  G.  A  ray  of  light  coming  from  the  aun,  S,  falls  obliquely  on  it  at 
A,  and  is  retracted  to  B ;  then,  since  we  see  ihe  object  fn  the  direction 
of  the  refracted  ray,  a  apectator  at  B  will  see  an  image  of  the  sun  at  C, 
instead  of  the  real  object  at  S.  If  the  sun  were  immediately  over  our 
heads,  its  raya  falling  perpendicularly  on  the  atmosphere  would  not  be 
refracted,  and  we  ahould  then  see  it  in  its  true  aituation.  To  the  inha- 
bilanti  of  the  torrid  zone,  where  the  aun  is  sometimes  vertical,  its  raya 
are  then  not  refracted.  There  ia,  however,  another  obstacle  to  seeing  the 
heavenly  bodies  in  their  true  situation,  which  affects  them  in  the  torrid 
nme  at  well  aa  dsewhere.  Light  is  about  eight  minutes  and  a  half  in 
tU  passage  from  the  sun  to  the  earth ;  therefore,  when  the  raya  readi 
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ni,  the  aan  bn  qaitted  the  spot  he  occupied  on  their  depuiatc;  yet  «« 
tee  him  In  the  direction  of  those  rays,  and  consequently  in  a  aitustion 
whidi  be  hkd  abandoned  eight  miautu  and  a  half  before.  In  spealiing 
of  the  sun's  motion,  we  mean  hia  apparent  motion,  produced  by  thediumal 
rotation  of  the  earth,  for  the  e^ct  being  the  same  whether  it  be  our 
earth  or  the  beayenly  bodies  whidi  move,  it  is  more  easy  to  represent 
thin^  as  they  appear  to  be,  than  as  they  really  are.  The  refraction  of 
the  sun's  rays  by  (he  atmosphere  prolonga  our  days,  as  it  occasions  our 
■eeing  an  image  of  the  sun,  both  before  he  rises  and  after  he  sets ;  for 
below  the  horizon  he  still  shines  upon  the  atmosphere,  and  his  rays  are 
thence  lefracted  to  the  earth.  So  likewise  we  see  an  image  of  the  sun 
before  he  rises,  the  rays  (hat  previously  fall  upon  the  atmosphere  bnng 
reflected  to  the  earth. 

In  passing  through  a  pane  of  glass  the  rays  suffer  two  refractions, 
which  being  in  contrary  directions,  produce  nearly  the  same  effect  as  if  no 
refraction  had  taken  place. 

Fig.  22,  A  A  represents  a  thick  pane  of  glass  seen  edgeways.  When 
the  ray  B  approaches  the  glass  at  C,  it  is  refracted  by  it;  and,  instead  of 
continuing  its  course  in  the  same  direction,  as  the  dotted  line  describes, 

Kg,  22.  Fig.iO. 
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it  passca  through  the  pane  to  D ;  at  that  point  returning  into  the  afr,  it  is 
again  re&acted  by  the  glass,  but  in  a  contrary  direction,  and  in  conse- 
quence proceeds  to  E.  Now  the  ray  B  Cand  the  ray  D  E  being  parallel, 
tbe  light  docs  not  appear  to  have  suffered  any  refraction ;  for  if  a  ray  ol 
light  passes  from  one  medium  into  another,  and  through  that  into  the  first 
again,  the  two  refractions  being  equal  and  in  opposite  directions,  no 
sensible  tSeet  is  produced;  for  the  direction  is  the  same,  and  the  little 
apace  by  whidi  the  ray  is  thrown  to  one  side,  as  represented  in  fig.  SH,  is 
necessarily  less  than  the  thickness  of  the  medium,  and  the  thickness  of  a 
pane  of  glass  is  too  little  to  be  worth  considering.  But  this  is  the  case 
only  when  the  two  sur&ces  of  the  refiracting  medium  are  parallel  to  each 
other;  if  they  are  not,  the  two  refnctions  may  be  made  in  the  same 
direction.  llius,when  parallel  rays  iJtg.iS)  foil  on  apiece  ofg^ass  hav. 
ing  a  doubleconves  surface,  which  is  called  a  lens,  that  only  which  falls  in 
the  direction  of  the  axis  of  the  lens  is  perpendicular  to  the  sur&ce ;  the 
other  rays  felling  obliquely  are  refracted  towards  the  axis,  and  will  meet 
at  a  point  beyond  the  lens,  called  its  focus.  Of  the  three  rays  A,B,C, 
which  fall  on  the  lens  D  £,  the  rays  A  snd  C  are  refiacted  in  their 
passage  through  it,  lo  a  and  c,  and  on  quitting  the  lens  they  undo'go  a 
second  re&aclion  in  the  same  direction,  which  unites  (hem  with  the  ray  B, 
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at  the  fiKiiB  F  *.  Tfn  (aai  distance,  or  distance  of  the  focus  from  the 
aurfoce  of  the  lens,  depends  both  upon  the  form  of  the  lens  and  of  the 
tefnwtive  poner  of  the  substance  of  which  it  is  made  ;  in  a  glass  lens, 
both  sides  of  which  are  equally  convei,  the  focus  is  situated  nearly  at  the 
centre  of  the  sphere  of  which  the  surface  of  the  lens  forms  a  portion :  it 
is  at  the  distance,  therefore,  of  the  radius  of  the  sphere. 

There  are  lenses  of  various  forms,  which  are  represented  in  Sg.  24. 

Hie  property  of  those  which  have  a  convex  surface  is  to  collect  the  rays 

«f.  24. 


[        I) 


of  light  to  a  focua ;  and  of  those  which  have  a  concave  surface,  to  dis* 
perse  them ;  for  the  rays  A,  C.  &11ing  on  the  concave  lens  X  Y  (_fig.  25), 
instead  of  converging  towards  the  ray  B,  which  falls  on  the  axis  of  the 
lens,  will  each  be  attracted  towards  the  lens,  both  on  entering  and  quitting 
it,  and  win,  therefore,  by  the  first  refraction,  be  made  to  diverge  to  a,  c, 
and  by  the  second  to  ^  e.  Lenses  which  have  one  side  flaC  and  the 
other  conves  or  concave,  aa  A  and  B,,^.  24,  are  called  plsjio-convex  and 
piano-concave  lenses.  The  fi>cua  of  the  former  ia  at  the  distance  of  the 
Hg.  86.  Fig.  26. 


diameter  of  a  sphere,  of  which  the  convex  surface  of  the  lens  forms  a 
portion,  Bs  represented  in  Jig.  26.  The  three  parallel  rays.  A,  B,  C,  are 
brought  to  a  focus  by  the  ptano-convex  lena  X  Y  at  P. 

Thus  far  we  have  only  spoken  of  the  refraction  of  parallel  t«j6;  if  the 

•  Ttm  nfnetioiu  will  it  oace  cpoetf  to  b*  in  the  nine  dimlioD  it  perpendicul«n  to 
^  lur&ta  of  tbe  lean  be  dmm  at  ttw  poinU  where  Ihg  nj  euten  and  quits  it :  beaiiog 
i  thttllw  leu  twin);  dciacT  than  the  mir,  tbe  my  is  dnwo  Imardt  the  peipui- 


diculai  OD  snteiing^  uidytvM  it  on  quitting  the  leai, 
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rty*  dirafo  origfflally,  Uiejr  will  be  low  copwrgnl  or  iiui|r#  dJTWfepH 
titer  refraction,  but  they  would  in  general  still  fintlly  qeet  «t  ft  point,  (fr 
Bpftear  to  diverge  from  one.  Taking  the  c^e  of  a  convex  lens,  iba 
point  at  wbich  they  would  ineeL  would  be  rarthrr  from  the  laps  than  thtt 
ID  which  paralltl  ray*  meet,  and  coDtinually  fenber  and  briber,  as  tHt 
ruys  were  more  divergent,  nr  as  the  body  from  wbicli  they  proceeded  mat 
brought  nearer  lo  ihe  Ivns.  An  image*  would  therefore  be  Earmed,  but 
coniinually  fariher  and  farther  from  the  lens,  as  Iba  body  approached  ili 
and  the  image  is  smeller  ur  larger  than  the  body,  hh  it  is  nearer  to  or 
furllier  from  the  lens  than  the  body  itself  is.  If  the  body  ia  brou^t  aa 
near  to  the  lenn  as  the  distance  of  the  focus  for  parallel  ra^s,  no  image 
would  be  formed,  for  the  rays  would  be  refracted  parallel  to  each  other ; 
and  if  the  body  were  brought  still  nearer,  the  rays  would  diverge  after 
refraction.  The  case  of  a  convex  lens  is  one  of  the  most  simple  and  the 
moRt  important ;  but  the  same  principle  may  easily  be  ettended  to  otiier 

We  shall  ne«  explain  the  re-  ^*' 

fraction  of  a  Inangular  piece  of 
glass,  called  a  prism  (Jig-  27). 
The  sides  are  flat ;  it  cannot 
therefore  bring  Ihe  rays  tf>  a  focus, 
nor  can  its  refraction  be  similar  to 
that  of  a  flat  pane  of  glass,  because 
it  hus  not  two  sides  parallel.  The 
refractions  of  the  light,  on  entering  and  on  quitting  the  prism,  are  both  in 
the  same  directionf.  On  entering  Ibe  prism  P,  the  ray  is  refi-acled  from 
B  to  C,  and  on  quitting  it  from  C  to  D.  If  the  window-shutters  be 
closed,  and  «  ray  of  light,  admitted  through  a  small  aperture,  fall  upon  a 
prism,  it  will  be  lefracied,  and  a  spectrum,  A  B  (^.  28),  representing 
•II  the  enlours  of  the  rainbow,  will  be  fonned  on  the  opposite  wall  It  is 
diflicult  to  CDUceiTe  how  a  piece  of  white  glass  c^  produce  such  a  variety 
of  brilliant  colours  ;  but  the  fact  is,  that  the  colours  are  not  formed  by  the 
prism,  but  exisWd  iq  (he  ray  previous  to  its  refraction ;  for  the  white  rays 
of  the  sun  are  composed  of  coloured  rays,  which,  when  blended  together, 
appear  colourless  or  i^te. 

Sir  Isaac  Newton,  lo  whonj  we  arc  indebted  for  the  most  imporlant 
discoveries  respecting  light  and  colours,  was  the  first  who  divided  a  while 
my  of  light,  and  found  it  to  consist  of  an  assemblage  of  coloured  rays, 
which  fonned  an  image  upon  the  wall,  such  aa  is  exhibited  (^.  28),  in 
which  are  displayed  the  following  scries  of  colours — red,  orange,  yellow, 
green,  blue,  indigo,  and  violet  Now  a  prism  separaUs  these  coloured 
tays  by  refraction.      It  appears  that  the  coloured  rays   have   different 

*  We  ipeslc  of  the  fimnation  of  aa  anagt  at  s  ptnnt  sbeRrei  tlw  nyi  iBer  rcflMUan 
01  Tofraction  jprocxed,  at  if  Ihtf  divtrgtdfnm  that  paiiU.  The  object  ii  then  seen  u 
ua  image  of  it  placed  Hitn  would  be.  ^ii  image,  hoverer,  ha>  not,  under  comman 
drcumslBiicei,  any  real  eniitenee.  The  r»ya  pais  thraugh  the  point  in  qneitioa  ;  but  ai 
th«r  (jG  only  aeen  by  an  eye  in  iho  diieciion  of  their  motint,  a  ipeetatot  any  when  elaa 
Mrillnut  aae  Ihem  at  all,  and  the  ipedttoi  who  does  aee  them  will  only  know  the  diitdioa 
in  whidi  tliey  move.  U,  hovever,  a  acieen  be  placed  at  tl»  Ibcui,  ho  aa  to  intercept 
"  "      '        ;e  irill  be  pmed  hj  the  actual  fbrmation  i 


the  ipecUtoi  who  does  aee  them  will  only  know  the  diitdioa 

reSaet  the  layi,  the  "■■*—"  of  the  image  iri        _  ^ ._„ 

tfitiuct  nictute  of  the  object  upaB  tha  aoeen ;  if  the  Kieen  ha  placed  manr  at  faithat 
tSi  wo  that  the  rsyi  havo  oot  yet  aceuratelf  coDverged  to,  or  hare  begun  to  diietge  from, 


tiM  fbcui,  Iheie  inll  be  •  confiued  ipot  of  light,  bi3  aa  dMtiact 

t  Thii  will  at  once  ^ipear,  ai  in  the  caw  oF  tJM  lena,  by  ' 
wafUet  of  the  pnim  wbM«tba  ny  enten  and  qniti  it. 
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fig.  US- 


i»gru«  of  rcTruigibilit; ;  in  pasting  thretigh  the  prism,  therefore,  (hey 
Ink*  di^erent  dircctiona,  accordiiig  to  their  suaceptibility  of  refraction. 
The  violet  raya  deviate  mont  from  their  origiDal  course  :  they  appear  at 
ope  ctid  of  Uie  apfctrum  A  B.  Contiguoiw  lo  the  violet  are  the  indigo 
rvys  l>eing  tboee  wfiich  have  noMcwhat  leae  refrargiMKy ;  then  follow,  in 
euccewios.  ttu  bine,  green,  yellow,  orange,  and,  lastly,  the  red,  which  are 
the  least  rerrani^ible  or  ihe  coloured  rays.  The  nnion  of  these  colours,  in 
the  pwporlions  ia  which  they  appear  in  the  spectrum,  produces  in  us  the  idea 
(Of  whitejtess.  If  a  card  be  painted  in  compartmentB  with  these  seven 
colnura,  tad  whirled  rapidly  on  a  pin,  it  will  appear  white.  But  a  more 
decisive  prwrf'of  the  eompositioo  of  a  wbite  ray  is  afforded  by  re-uniting 
these  ctdoured  raya,  and  fbrmisg  with  them  a  ray  of  white  light.  Thta 
can  be  done  by  letting  the  coloured  rays,  which  have  been  separated  hy  ft 
prism,  fall  upou  a  lens,  which  will  make  then  converge  toa  focus;  and  when 
thus  re-united,  they  wUI  appear  white  as  they  did  before  leftaction.  The 
prism  P  (^.  29)  separates  a  ray  of  white  light  into  aeves  cohMired  raya  ; 
and  the  lens  h  L  fariDga  them  to  a  focus  at  F,  where  they  again  appear 
vrbit^ :  tfaws,  by  laeajas  of  a  prism  aad  a  lena,  we  em  take  a  ray  of  whit* 
light  to  piiKee,  uul  put  it  together  agtio. 

Fig.i&- 


This  (liviafan  «f  •  ray  of  white  hf^  into  diSfarent  colours,  being  caused 
WtiM  unequal  refrangibility  of  the  different  coloured  rays,  must  take 
place,  m»re  or  less,  wtwaerer  tte  ray  suffer*  refraction.  Hius  the  rainbow, 
wbldi  Hihibhs  a  seiiea  of  eolotuB  so  analogous  to  those  of  the  spectrum, 
b  fbnMd  bj  th«  nfawtioa  of  th«  hib'b  nys  in  their  pussge  through  a 
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shower  of  nio,  ereiy  drop  of  which  ttcti  as  »  priBm,  In  separaling  ths 
coloured  raya  as  they  pau  throngb  it. 

The  sun's  rays  may  be  collected  (a  a  focna  by  a  lens  id  the  ume 
manner  as  they  an  by  a  concave  mirror :  id  the  first.  Die  rays  pass 
through  the  glass,  and  converge  to  a  focus  behind  it;  in  the  latter  they 
are  reBected  from  the  mirror,  and  brought  to  a  focus  before  it  A  lens, 
when  used  for  this  purpose,  is  called  a  burning  glass ;  and  if,  when 
the  sun  shines  bright,  a  piece  of  paper  be  held  in  the  focus  of  the  rays, 
it  will  talce  fire.  This  experiment  succeeds  best  with  brown  or  any 
dark-coloured  p^>er;  for  though  it  is  true  that  the  lens  (AUecIs  an  equU 
number  of  rays  to  a  focus,  whether  the  paper  held  there  be  white  or 
coloured,  the  white  paper  appears  more  luminous  in  the  focus,  because 
most  of  the  rays,  instead  of  entering  into  the  paper,  are  reflected 
by  it ;  and  this  is  the  reason  that  the  paper  is  not  burnt ;  whilst,  on  the 
contrary,  the  coloured  paper,  which  absorbs  more  light  than  it  reflects, 
soon  becomes  heated  axd  takes  fire. 

It  is  supposed  that  the  tendency  to  absorb  or  reflect  rays  depends  on 
the  arrangement  of  the  minute  particles  of  the  tiody,  and  that  the  diversity 
of  airangement  renders  some  bodies  susceptible  of  reflecting  one  coloured 
ray,  and  absortung  Uie  otiiers ;  whilst  other  bodies  have  a  tendency  to 
reflect  all  the  colours,  and  othen  again  to  absorb  them  all.  A  body 
appears  to  be  of  the  colour  which  it  reflects  ;  as  we  see  it  only  by  reflected 
rays,  it  can  appear  but  of  the  colour  of  those  rays.  Thus  grass  is  green, 
because  it  absorbs  all  except  the  green  rays  :  it  is  therefore,  these  only 
which  the  grass  and  trees  reflect  to  our  eyes,  and  which  make  ihem 
appear  green.  The  sky  and  flowers,  in  the  same  manner,  reflect  the 
various  colours  of  which  they  appear  to  us :  the  rose,  the  red  rays  ;  the 
violet,  the  blue ;  the  jonquil,  tiie  yellow,  &c.  If  you  imagine  that  these 
are  the  permanent  coburs  of  the  grass  and  flowers,  you  are  mistaken. 
Whenever  you  see  those  colours,  the  objects  must  be  illuminated ;  and 
light,  from  whatever  source  it  proceeds,  is  of  the  same  natura,  composed 
of  the  various  coloured  rays,  which  paint  the  grass,  the  flowers,  and  every 
coloured  object  in  nature.  Objects  in  the  dark  have  no  colour,  or  are 
black,  which  is  the  same  thing.  You  can  never  see  objects  without  light. 
Light  is  composed  of  colours,  therefore  there  can  be  no  light  without 
coloun ;  and  though  every  object  is  black,  or  without  colour  iu  the  dark, 
it  becomes  coloured  as  soon  as  it  becomes  visible. 

An  object  placed  in  a  coloured  ray  of  light  which  has  been  refracted 
Iw  a  prism,  will  appear  of  the  colour  of  the  ray  in  which  it  is  placed.  A 
sheet  of  white  paper  will  take  all  the  colours  indiSerenlly,  but  a  coloured 
body  will  appear  most  brilliant  when  placed  in  the  ray  which  it  naturally 
reflects.  But  though  bodies,  from  the  arrangement  of  their  particles, 
have  a  tendency  to  absorb  some  rays  and  reflect  others,  yet  they  are  not 
80  perfectly  uniform  in  their  arrangement  as  to  reflect  only  pure  rays  of 
one  colour,  and  perfectly  absorb  the  others.  A  body  reflects,  in  g^rcat 
abundance,  the  rays  which  determine  its  colour,  and  the  others  in  a 
greater  or  less  degree,  in  proportion  as  Ihey  are  nearer  or  farther  from 
its  own  colour,  in  the  order  of  refrangibility. 

Bodies  which  reflect  all  the  rays  are  white  ;  those  which  absmb  them 
all  are  black.  Between  these  extremes  they  a]q>ear  lighter  or  darker,  in 
proportion  to  the  quantity  of  rays  they  reflect  or  absorb.  A  rose  is  of  a 
pale  red  :  it  approaches  nearer  to  while  than  black,  it  therefore  reflects 
rays  more  abundantly  than  it  absorbs  them.  Pale-coloured  bodies  reflect 
all  the  coloured  rays  to  a  certua  degree,  which  produces  tiieir  paleness, 
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approaching^  to  whiteness  ;  but  one  colour  they  reflect  more  than  the  rest : 
thin  pTedominatei  over  the  white,  And  determines  the  colour  of  the  body. 
Siiice,  then,  bodies  of  a  pale  colour  in  some  degree  reflect  all  the  raja  of 
li^ht,  in  passing  through  the  various  colours  of  the  spectrum,  tbey  will 
reflect  them  all  with  tolerable  bnlliancy,  but  will  appear  most  vivid  in  the 
ray  of  their  natural  colour.  The  green  leaves,  od  the  contrary,  are  of  a 
dark  colour,  bearing  a  stronger  resemblance  to  black  than  to  white :  they 
have,  therefore,  a  greater  tendency  to  absorb  than  to  reflect  rays.  'Blue 
often  appears  green  by  candle-light,  because  this  light  is  less  pure  than 
that  of  the  sua;  and  when  refracted  by  a  prism,  the  yellow  rays  predomi- 
nate ;  and  as  the  admixture  of  blue  and  yellow  forms  green,  the  super- 
abundance of  yellow  gives  to  blue  bodies  a  greenish  hue. 

The  sun  appears  red  through  a  fog,  owing  to  the  red  rays  having 
a  greater  momentum,  which  gives  them  power  to  traverse  so  dense  an 
atmosphere.  For  the  same  reason  the  sun  generally  appears  red  at 
rising  and  setting  ;  as  the  increased  quantity  of  atmosphere  which  tlie 
oblique  rays  must  traverse,  loaded  with  the  misls  and  vapours  which  are 
usually  formed  at  those  times,  prevents  a  large  proportion  of  the  other 
rays  from  reaching  us.  T^e  colour  of  the  atmosphere,  commonly  called 
the  shy,  is  blue ; — now  since  all  the  rays  traverse  it  in  their  passage 
to  the  earth,  it  would  be  natural  to  infer  that  it  should  be  white  ;  but  we 
must  not  forget  that  we  see  none  of  the  rays  which  pass  from  the  sun 
to  the  earth,  excepting  those  which  meet  our  eyes ;  and  this  happens 
only  if  we  look  at  the  sun,  and  thus  intercept  the  rays,  in  which  esse, 
you  know,  it  appears  white.  The  atmosphere  is  a  transparent  medium, 
through  which  the  sun's  rays  pass  freely  to  the  earth  ;  but  when  rejected 
back  into  the  atmosphere,  their  momentum  is  considerably  diminished, 
and  they  have  not  all  of  them  power  to  traverse  it  a  second  time.  The 
momentum  of  the  blue  rsya  is  least  j  these,  therefore,  are  the  most  im- 
peded in  their  return,  and  are  chiefly  reflected  by  the  atmosphere  ;  or  it 
may  be  that,  without  any  question  of  momentum,  the  colour  which  the 
parlides  of  air  most  readily  reflect  is  blue — just  as  grass  reflects  the 
green,  or  a  rose  the  red  rays.  This  reflection  is  performed  in  every  pos- 
sible direction  ;  so  that  wherever  we  look  at  the  atmosphere,  some  of 
these  rays  fall  upon  our  eyes :  hence  we  see  the  air  of  a  blue  colour.  If 
the  atmosphere  did  not  reflect  any  rays,  though  the  objects  on  the  sur- 
face of  the  earth  would  be  illumined,  the  skies  would  appear  perfectly 
black.  This  would  not  only  be  very  melancholy,  but  it  would  be  peT> 
nicious  to  the  sight,  to  be  constantly  viewing  bright  objects  agaiiwt  a 
black  sky. 

When  bodies  change  their  colour,  as  leaves  which  wither  in  autumn, 
or  a  spot  of  ink  which  produces  an  iron-mould  on  linen,  it  arises  from 
some  chemical  change,  which  takes  place  in  the  internal  arrangement  ot 
the  parts,  by  which  they  lose  their  tendency  to  reflect  certain  colours, 
and  acquire  the  power  of  reflecting  others.  A  withered  leaf  thus  no 
longer  reflects  the  blue  rays :  it  appears,  therefore,  yellow,  or  has  a  slight 
tendency  to  reflect  several  rays  which  produce  a  dingy  browa  colour. 
An  ink-spot  on  linen  at  first  absorbs  all  the  rays;  but,  exposed  to  the  air, 
it  undergoes  a  chemical  change,  and  the  spot  partially  regains  its  ten- 
dency to  reflect  colours,  but  with  a  preference  to  reflect  the  yellow 
rays ;  and  such  is  the  colour  of  the  iron-mould. 
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The  body  of  tho  eje  is  of  a  spheri-  ^-  M. 

cal  form  (J%.  80).  It  hmi  two  mett*. 
braii«oii>  cowinjB ;— Ihe  eiUmw 
one,  a  a  a,  ia  oalkd  th«  sclerotica: 
this  hu  R  projection  in  that  pwt  of 
the  eye  wUich  is  exposed  to  view, 
b  b,  wbich  is  cmlled  the  cornea, 
because,  when  dried,  it  hu  nearly 
the  consutence  of  very  fine  horn, 
and  is  sufBdently  transparent  for 
the  light  to  obtain  free  passage 
through  iL  The  second  membrane 
which  lines  the  cornea,  and  enve- 
lopes the  eye,  is  called  the  choroid, 
CBc:  this  has  an  opening  in  front 
just  beneath  the  cornea,  which  forms 
the  pupil,  d  d,  through  which  the 
rays  of  light  pass  into  the  eye.  The 
pnpil  Is  surrounded  by  a  coloured 
border  of  fibres,  called  the  irw,  e  e,  -^ 
which,  by  its  motion,  always  pre- 
serves the  pupil  of  a  circular  form, 
whether  il  be  expanded  in  the  dark 
or  contracted  by  a  strong  light. 
(Fig.  31.) 

The  congtraction  of  the  eye  is  so  admirable,  that  it  is  capable  of  adapt- 
ing itself,  more  or  less,  to  the  circumstances  In  which  it  is  placed.  In  a 
faint  light  the  pupil  dilates  so  as  to  receive  an  additional  quan^ty  of  rays  ; 
and  in  a  strong  light  it  contracts,  in  order  to  prevent  the  intensity  of  the 
light  from  injuring  the  optic  nerve.  The  eyes  suBer  pain,  when  from 
darkness  they  suddenly  come  into  a  strong  lig^t;  for  (he  pupil  being 
dilated,  a  quantity  of  rays  rush  in  before  it  has  time  tn  contract ;  and 
when  we  go  from  a  strong  light  into  obscurity,  we  at  first  imagine 
ourselves  in  total  darkness ;  for  a  sufficient  number  of  rays  cannot  gain 
admittance  into  the  contracted  pupil  to  enable  ns  to  distinguish  objects ; 
but  in  a  few  minutes  it  dilates,  and  we  clearly  perceive  what  was  before 
invisible.  The  choroid,  c  c,  is  imbned  with  a  black  liquor,  which  serves 
to  absorb  all  the  rays  that  are  irregularly  refiected,  and  to  convert  the 
body  of  the  eye  into  a  more  perfect  camera  obscura.  When  the  pupil  is 
expanded  to  its  utmost  extent,  it  is  capable  of  admitting  ten  times  the 
quantity  of  light  that  it  does  when  most  contracted.  In  cats,  and  animals 
which  are  said  to  see  in  the  dark,  the  power  of  dilatation  and  contraction 
of  the  pupil  is  still  greater  ;  it  is  computed  that  their  pupils  may  receive 
one  hundred  times  more  ii^t  at  one  lime  than  at  another.  Within  these 
coverings  of  the  eye-ball  are  contained  three  transparent  subxtances,  called 
humours,  Tlie  first  occupies  the  space  immediately  behind  the  cnmea. 
and  is  called  the  aqueous  hiunour,  ff,  from  its  hquidity  and  its  resem- 
blance to  water.      Beyond  this  is  eituuted  the  crystalline  humour,  g  g. 
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which  derives  its  nune  from  its  elewiKM  and  transparency:  it  has  the 
fonn  of  «  Icna.  and  refracta  the  rays  of  light  in  a  gre&ter  d^ree  of  per- 
fection tlMD  Any  that  have  beeo  cotistructed  by  art :  it  ii  attached  by  fibres, 
mm,  to  each  side  of  the  choroid.  The  beck  pait  of  the  eye,  betneen  the 
cryatalline  humour  and  the  retina,  is  filled  by  the  vitreous  humour,  k  k, 
which  derives  its  name  from  a  resemtriance  it  is  supposed  to  bear  to  glass 
or  vitrified  aobstanoe*.  The  membraoont  cOTCriDgs  of  the  eye  are 
inteilded  chiefly  for  the  preservation  of  the  retina,  t  i,  which  is  by  tar  the 
moat  Important  part  of  the  eye,  as  it  is  that  which  receives  the  impressioti 
of  the  objects  of  sight.  The  retina  consists  of  an  expansion  of  the  optk 
nerve,  of  perfect  whiteness :  it  proceeds  from  the  bnun,  entere  the  eye 
at  n  on  the  side  next  the  nose,  and  is  finely  spnad  over  the  interior 
surface  of  the  choroid.  The  rays  of  light  which  enter  the  eye  by  the 
pDpil,  ara  Tef)4cled  by  the  several  humours  in  tlidr  pa«»ags  through 
Ihem,  and  unite  In  a  foclis  on  the  retina. 

Rays  proceed  from  bodies  in  all  possible  directions ;  we  must,  therefore, 
consider  every  part  of  an  object  which  sends  rays  to  our  eyes  as  points 
from  which  the  rays  diverge,  as  from  a  centre.  Divergent  rays  on  entering 
the  pupil,  do  not  cross  each  other;  the  pnpil,  however,  is  suQiciently 
large  to  admit  a  small  pendl  of  them ;  and  these,  if  not  refracted  to  a 
fbcus  by  the  humours,  would  continue  divergini^  af^r  they  had  passed 
the  pnpif,  would  hi\  dispersed  upon  the  retina,  and  thus  the  image  of  a 
single  point  would  be  expanded  over  a  large  portion  of  the  retina.  The 
divergent  rays  ftom  every  other  point  of  the  object  would  be  spread  over 
a  similar  extent  of  space,  and  would  interfere  and  be  confounded  with  the 
flnt,  to  that  no  distinct  Image  could  be  formed  on  the  retina. 

Fig.  SS  represents  two  pencils  of  rays  issuing  from  two  points  of  the 
tree  A,  B,  and  catering  the  pupil,  refracted  by  the  crystalline  bumnur  D, 
and  formmg  distinct  imagea  of  the  spot  tbey  proceed  from  on  the  retina, 
M  a,  6.  Fig-  33  diBers  from  the  preceding,  merely  from  not  being  sup- 
plied with  a  leas:  in  consequence  of  which  the  pencils  of  rays  are  not 
refracted  to  a  focus,  and  no  distinct  image  is  formed  on  the  retina.  The 
rays  issoing  from  two  points  of  an  object  are  alone  delineated,  and 
the  two  pencils  In  fy,  8S  distlngnisfaed  by  describing  one  of  them 
with  dotted  linn.     Tha  interference  of  these  two  pencils  of  rays  will 


enable  you  to  form  an  idea  of  the  confusion  whkh  would  arise  from 
thousands  and  millions  of  points  at  the  same  instant  pouring  their 
divergent  rays  upon  the  retina.  The  refraction  of  the  several  humours 
unites  the  whole  of  a  pencil  of  rajs,  proceeding  from  any  one  point  of  an 
dtyect,  in  a  correspoiidiiig  point  on  the  retina,  and  the  image  is  thus  reii' 
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dered  distinct  and  strong.  If  yon  conceive  (in  Jig.  82)  every  point  of  the 
tree  to  send  forth  s  pencil  of  rays  ainiilar  to  thi»e.  A,  B,  every  put  of  the 
tree  will  be  a«  accurately  represented  on  the  retina  as  the  points  a,  h.  You 
may  perhaps  inquire  why,  since  the  eye  requires  refracting'  humours  in 
order  to  form  a  distinct  representation  on  the  retina,  the  same  refractions 
are  not  necessary  for  the  image  formed  in  the  camera  obscura  ?  It  is 
because  the  aperture  through  which  we  receive  the  rays  into  ttie  camera 
obscura  is  so  extremely  small,  that  but  very  few  of  the  rays  dive^ng  from 
a  point  gain  admittance  ;  but  if  the  aperture  be  enlai^ed,  and  furnished 
with  a  lens,  the  landscape  will  be  more  perfectly  represented. 

That  imperfection  of  sight  which  arises  from  the  eyes  being  too  promi- 
nent, is  owing  to  the  cryBtatlioe  humour,  D  ifif.  34)  being  too  convex ; 
in  consequence  of  which  it  refracts  the  rays  too  much,  and  collects  a 
pencil,  proceeding  from  the  object  A  B.  into  a  focus,  F,  before  they  reach 
llie  retina.     From  this  focus,  the  rays  proceed  diver^ng,  and  conse- 


Fit.M. 


quently  form  a  very  confused  image  on  the  retina,  at  a  b.  l^is  Is  the 
defect  of  short-sighted  people  ;  and  it  is  remedied  by  bringing  the  object 
nearer  to  the  eye ;  for  the  nearer  an  object  is  brought  to  the  eye  the  more 
divergent  the  rays  fall  upon  the  ~.    .. 

crystalline    humour,    and    conse-  ^* 

quently  do  not  ao  soon  converge 
to  a  focus :  this  focus,  therefore, 
either  falls  upon  the  retina,  or  at 
least  approaches  nearer  to  it,  and 
Uie  object  is  proportionally  dis- 
tinct, as  in  fig.  35.  The  ncarar, 
therefore,  an  object  is  brought  to 
the  crystalliae  or  to  a  lens,  the 
farther  the  image  recedes  hehind  it.  But  short-sighted  persons  have 
another  resource  for  objects  which  they  cannot  approach  to  their  eyes: 
this  is  to  place  a  concave  leas,  C  I>  {fig.  36),  before  the  eye,  in  order  to 
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focKBH  the  divcTgence  of  the  mja,  the  effect  of  n  concave  lens  being 
exactly  the  reverse  of  a  convex  ooe.  By  the  assistaoce  of  such  glasMs, 
therefore,  the  raya  from  a  distant  object  fall  oo  the  pupil  as  div ergeot  aa 
those  from  a  less  dislaut  object ;  and,  with  short-sighted  people,  they 
throw  the  image  of  a  distant  object  back  as  far  as  the  retina.  Those  who 
suffer  from  tiie  arystalline  humour  being  too  flat,  apply  an  opposite 
remedy :  that  is  to  say,  a  convex  lens  L  M  (Jig.  37),  to  make  up  for  the 
deficiency  of  convexity  of  the  ciyAalline  humour.'O  P.  Thus  elderly 
people,  the  humours  of  whose  eyes  are  decayed  by  age,  are  under  the 
Rff.  87. 


necessity  of  using  convex  spectacles  ;  and  when  deprived  of  that  resource, 
they  hold  the  object  at  a  distance  from  their  eyes,  for  the  more  distant  the 
ot^t  is  from  the  crystalline,  the  nearer  the  image  wilt  be  to  it.  These 
two  opposite  defects  are  easily  comprehended  ;  but  it  is  difficult  to  con- 
ceive how  any  sight  can  be  perfect,  for  if  the  crystalline  humour  be  of  a 
proper  degree  of  convexity  to  bring  the  image  of  distant  objects  to  a 
focus  on  the  retina,  it  will  not  represent  near  objects  distinctly ;  and  if,  on 
the  contrary,  it  be  adapted  to  give  a  clear  image  of  near  objects.  It  will 
produce  a  very  imperfect  one  of  distant  objects.  It  is  true,  that  every 
person  would  be  subject  to  one  of  tbese  two  defects,  were  it  not  in  our 
power  to  increase  or  diminish,  in  some  degree,  the  convexity  of  the  crys- 
talline humour,  and  to  project  it  towards,  or  draw  it  bock  from  the  object, 
as  circumstances  require.  In  a  yoimg,  well-constructed  eye,  the  fibres  to 
which  the  crystalline  humour  is  attached  have  so  perfect  a  command  over 
It,  that  the  focus  of  the  rays  constantly  falls  on  the  retina,  and  an  image 
is  formed  equally  distinct  both  of  distant  objects  and  of  those  which  are 
near.  We  cannot,  however,  see  an  object  distinctly,  if  we  bring  it 
very  near  to  the  eye,  because  the  rays  fall  on  the  crystalline  humour  too 
divergent  to  be  refracted  to  a  focus  on  the  retina.  The  confusion,  there- 
fore, arising  from  viewing  an  object  too  near  the  eye,  is  similar  to  that 
which  proceeds  from  a  flattened  crystalline  humour  ;  the  rays  reach  the 
retina  before  they  are  collected  to  a  focus  (Jig.  34).  If  it  were  not  for 
thia  imperfection,  we  should  be  able  to  see  and  distinguish  the  parta  of 
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obJACta  which  ue  now  invisible  to  us  from  tiicir  minuleneaB  ;  far  could 
we  bring  diem  close  to  the  eje,  their  image  on  the  retina  would  be  bo 
much  mBgnided  as  to  render  tbem  lUibie.  The  microscope  is  con- 
structed on  this  principle.  ITie  single  microscope  (^.  39)  consists 
simpljr  of  a  convex  lens,  in  the  focus  of  which  the  object  is  placed,  and 
through  which  it  is  viewed.  By  thi*  means,  you  are  enabled  to  btiiifr 
your  eye  very  aear  the  object,  for  the  lens  A  B,  by  diminishing  the 
aiverg;ency  of  the  rays  before  they  enter  the  pupil  0,  makes  them  fall 
parallel  on  the  crystalline  humour  D,  by  which  they  are  refracted  to  a 
focus  >n  the  retina,  at  R  R.  The  lens  magnifies  (he  object  merely  by 
allowing  us  to  bring  it  nearer  to  the  eye ;  those  lenses,  therefore,  which 
have  the  shortest  focus  will  magnify  the  object  most,  because  they  enable 
us  to  bring  the  object  nearest  to  the  eye.  On  the  other  hand,  a  lens  that 
has  the  shortest  focus  is  must  convex  ;  and  its  protuberance  will  prevent 
the  eye  from  approaching  very  near  to  the  ol^ect.  This  inconvenience 
is  remedied  by  making  the  lens  extremely  small :  it  may  then  be  spherical 
without  occupying  much  space,  and  thus  unite  the  advantages  of  a  short 
focus,  and  of  allowing  the  eye  to  approach  the  object. 

A  double  microscope  is  a  more  complicated  instrument  {Jig.  40),  in 
which  you  look  not  directly  at  the  object  A  B,  but  at  a  magnified 
imaf  e  of  ft,  a  h.  In  this  microscope  two  lenses  are  employed :  the  one, 
LM,  is  placed  so  near  the  object,  that  the  image  which  it  fonna  is  farther 
from  the  lens  than  the  object  itself  is;  the  image  therefore  is  larger  than  the 
object  Itself,  and  il  is  furUier  magnified  by  being  viewed  through  another  leiii> 


N  O,  which  acts  on  the  principle  of  the  single  micTOTcope,  and  Is  called  (he 
eye-glaHs.  The  solar  microscope  is  the  most  wonderfiji,  from  ite  great 
magnifying  power;  in  this  we  also  view  an  image  formed  by  a  lens,  not 
the  object  itself,  A  ray  of  light  is  admitted  into  a  darkened  room  throtiL'h 
•  small  aperture  in  the  window-shutter,  and  the  object  AB  (rfff.  41),  which 
is  « imall  insect.  pUced  bcfim  th«  lens  C  D,  and  neailj  at  iu  fiMu: 
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the  leni  itself  being  placed  ai  such  a  diatance  from  the  opposite  wall 
that  an  image  may  be  accurately  formed  upon  It ;  the  image  E  F  there- 
fore will  be  npresenled  on  the  opposite  wall  in  the  same  manner  as 
the  landscape  was  in  the  camera  obscura — with  this  difference,  that  it 
will  be  magnified,  instead  of  being  diminished,  because  it  is  farther  from 
the  lens  than  the  object  A  B  ;  while  the  representation  of  the  landscape 
was  diminished,  because  it  was  nearer  the  lens  than  the  landscape  was :  a 
lens,  therefore,  answers  the  purpose  equally  well,  either  for  magnifying  or 
ditnin'shing  objects.  In  this  state,  the  image  produced  by  the  solar 
micrpacope  is  faint  and  indistinct,  a  very  small  ray  of  light  being  diHused 
OTer  a  prodigiously  magnified  image  ;  hut  if  the  aperture  be  enlarged,  so 
u  to  admit  a  more  cuaiiderabte  pencil  of  rays,  asd  a  lens  X  Y  {J!^.  42) 
Fig.  42. 


placed  in  it  to  bring  it  to  a  focus  on  the  object  AB,  the  image  will  be 
much  more  dittincL  There  is  but  one  thing  more  required  to  comftlete 
the  solar  microscope,  which  is  a  small  mirror,  PQ  (placed  on  the  outside 
of  the  window-shutter),  which  receiTea  the  incident  rays,  S  S,  and  reflects 
them  on  the  lens  X  Y.  This  microscope  can  be  used  only  when  the  sun 
shines,  and  is  adapted  to  transparent  objects.  Very  minute  objects,  such 
aa  are  viewed  in  a  microscope,  are  generally  transparent;  but  when 
upaque  bodies  are  to  be  exhibited,  a  second  mirror  M  N  (_fig.  43}  is  used 
to  reflect  the  light  on  the  side  of  the  object  next  the  wall :  the  image  Is 
then  formed  by  light  reflected  from  the  object,  instead  of  being  formed  by 
rays  transmitted  by  it.  A  magic  lantern  la  constructed  on  the  same 
piincipltt— wUh  this  diffifrence,  that  the  light  is  supplied  by  a  lamp  inatead 
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of  (be  iiui.  The  microscope  thus  enables  us  to  lee  and  diitinguiah  objects 
which  are  too  Bmall  to  be  visible  to  the  naked  «ye.  But  there  are  objects 
whtrii,  thoug:h  not  rcslly  small,  appear  so  to  ub,  from  their  distance.  To 
these  ire  cannot  apply  the  same  remedy,  for  when  a  house  is  so  far  off  as 
to  be  seen  under  the  same  angle  as  a  mite  which  is  dose  to  ua,  the  effect 
produced  on  the  retina  is  the  same  :  the  angle  it  subteads  is  not  large 
enough  for  it  to  form  a  distinct  image  on  the  retina.  It  is  impossible  io 
this  case  to  bring  the  otgect  In  the  eyes,  but  by  means  of  a  lens  we 
msy  bring  an  image  of  it  nearer  to  us  ;  but  then,  the  object  being  very 
distant  from  the  focus  of  the  lens,  tlie  image  would  be  exceedingly 
smaller  than  the  object  itself,  and  in  most  cases  it  would  even  be  so  small 
as  to  be  invisible  to  the  nalied  eye.  To  obviate  this  difficulty,  we  must  look 
at  the  image  through  another  lens,  which,  acting  as  a  microscope,  enables 
us  to  bring  the  image  close  to  the  eye,  and  thus  renders  it  visible.  This 
inatniment  is  a  telescope.  •  In^.  44,  the  lens  C  D  forms  en  image,  £  F, 
Fig.  44. 


of  the  object  A  B ;  and  (he  lensXY  serves  the  purpose  of  magnifying  that 
image :  and  this  is  all  that  is  required  in  a  common  refracting  telescope. 
Observe  that  the  image  is  not  inverted  on  the  retina,  as  it  usually  is  :  the 
ot^ect  therefore  appears  to  us  inverted.  When  it  is  necessary  to  represent 
the  image  erect,  two  other  lenses  sre  required ;  by  which  means  a 
second  image  is  formed,  the  reverse  of  the  first,  and  consequently  upright. 
These  additional  glasses  are  used  to  view  terrestrial  objects,  for  no  incon- 
venience arises  from  seeing  the  celestial  bodies  inverted. 

When  a  very  great  magnifying  power  is  required,  telescopes  are  con- 
structed with  concave  mirrors  instead  of  lenses.  Concave  mirrors  pro- 
duce by  reflection  an  effect  similar  to  that  of  convex  lenses  by  refraction. 
In  reflecting  telescopes,  therefore,  mirrors  are  used  in  order  to  bring  the 
image  neurer  the  eye;  and  a  lens  or  eye-glass,  as  in  the  refracting  tele- 
scope, to  magnify  the  image.  The  advantage  of  the  reflecting  telescope 
is,  that  mirrors  whose  focus  is  ^x  feet  will  msgnify  as  much  as  lenses  of 
a  hundred  feet. 
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K  luminous  point  CdepriredUiKt  other 
op&quebodyA  of  .the  light  it  recdved 


(1.)  The  splendid  phenomena  of  optica 
must  have  been  among  the  firit  natural 
appearances  to  attract  the  attention  of 
mankind.  Of  all  the  objects  in  nature, 
ji^t  is  perhaps  the  moat  pleasm^le. 
Vision,  at  once  the  most  perfect  and 
useful  of  the  senses,  «rholly  depends  on 
it.  By  its  agency  the  sphere  of  our  ob- 
servation and  expeiieuce  is  indefinitely 
enlai^ed.  It  bnngs  us  sure  and  im- 
mediate intelligence  of  existences  and 
events,  whose  places  are  remote,  and 
thus  gives  us  a  certain  degree  of  omni- 
presence- Setting  aside  all  the  tteaa- 
tiful  vaiiety  of  form  and  figure,  and  the 
gorgeous  phenomena  of  colours,  which 


■u'ppliea  it  so  contmually  and  so  abun- 
dantly, that  we  are  apt  to  fon;et  its 
value;  but,  in  cases  where  habit  has 
not  blunted  the  sense  of  pleasure,  it 
seems  to  produce  singular  enjoyment. 
'Hie  infant  eagerly  directs  its  gaze  to  the 
window  or  the  lamp,  and  stretches  forth 
its  hand  as  if  to  grasp  an  ol^ect  so 
agreeable!  Persons  bLind  &om  infancy, 
hut  whcnM  organs  are  not  absolutely 
opaque,  derive  exquisite  pleasure  from 
the  perception  of  the  cloudy  light  which 
the  imp^ectly  transparent  humors  al- 
low them. 

The  property  of  light  soonest  noticed 
was  most  probably  its  reetilintar  pro- 
pagation, by  far  the  most  important  of 
its  qualities,  and  one  with  which  all  the 
others  are  intimately  connected.  It  was 
impossible  to  observe  the  effects  of 
opaque  bodies  on  light,  the  confines  of 
their  shadows  and  their  effects  on  the 
sense  of  sight,  without  at  once  discover- 
ing this  important  law.  An  opaque 
body  B(^.  ].),  placed  in  a  right  line 
A  C  joining  another  opaque  body  A  and 


from  the  point  C;  but  if  the  sama 
opaque  body  I)  was  placed  in  any 
curved  or  crooked  line  ABC,  joinini^  the 
luminous  point  C  and  illuminated  body 
A,  no  such  obscuration  was  produeea. 
Again,  if  a  straight  line  be  drawn  from 
the  eye  to  a  luminous  point,  and  also 
any  curved  or  croaked  Ime  drawn  from 
the  eye  to  the  same  point,  an  opaijue 
body  ^aced  any  where  in  the  straight 
line  will  deprive  the  eye  of  the  percep- 
tion of  light ;  but  if  the  same  opaque 
body  be  placed  any  where  in  the  curved 
or  crooked  tine,  the  perception  of  light 
continues.  Pacts  like  these  must  have 
occurred  so  constantly  at  all  times,  and  in 
all  places,  the  inference  from  them  is  so 
evident  and  immediate,  that  it  is  impos' 
sitale  to  suppose  that  the  rectilinear  pro- 
pagation of  light  was  not  known  eran 
in  the  most  rude  and  savage  state. 

(2.)  Some  of  the  phenomena  of  re- 
_^ction  must  also  have  attracted  atten- 
tion, and  excited  inquffy  at  a  very  early 
period.  The  inverted  picture  of  a  land- 
scape in  the  pladd  water  of  the  lake  or 
river  must  have  been  viewed  with  as- 
toniahmenL  Poliahed  surfaces,  natural 
and  artifl<»al,  presented  themselves  in 
sufficient  abunaance  to  furnish  nume- 
rous experiments  on  reflection,  and  thus 
from  the  rectilinear  propagation  of  light 
the  step  to  the  law  o/rejieelion  was  not 
very  difficult  The  equatly  of  the  angles 
of  mcidence  and  reflection  was  taught 
in  the  Platonic  school,  and  probably  was 
knonn  consMerably  pnor  to  that  dale. 


3  A  POPULAR  ACCOUNT 

Amtotle  devoted  considerable  atlen-  view.    This  f&ct  led  bim  diredly  to  (he 

tion  to  the  phenomena  of  rainbows,  par-  true  nature  of  refraction,  and  shened 

helia,  halos,  &c.    He  observed  tiiese  that  the  visual  ray  in  passing  out  of  the 

with  accuracy,  and  ascribed  the  rain-  water  at  the  sur&ce,  vras  lient  towarda 

bow  to  the  imperfect  reflection  of  the  the  ^e  of  ii\^  spectator,  so  as  to  make 

sun's  rays  t^  drops  of  rain.    Some  of  (He  object  on  the  bottom  of  the  vessel 

the  properties  of  concave  and  convex  appear  higher  in  the  water  than  its 

spherical  mirrors  appear  to  have  lieen  real  position.    He  invented  an  instru- 

taughf  in  the  Ale^ sJjilrinB  school,  and  men)  tp  m^^un  the  deflection  of  the 

are  explained  in  a  treatise  on  qptics  ra;^  in  p^sipg  ^m  the  v^ter  into  air. 

contiuned  in  the  works  of  Euclid.  Thia  instrument  consisted  of  a  circle, 

(3.)  The  phenomena  of  refraction  not  canying  two   sigkti   on  its  zradualed 

being  of  so  striking  a  kind,  or  of  such  rim,  and  a  thinl  sight  at  the  centre, 

frequent  occurrence  as  those  of  reflec-  ITie  circle  was  immwaed  in  the  water, 

tion,  do  not  seem  to  have  l>een  noticed  with  its  plane  perpendicular  to  the  sur- 

until  a  later  period.    The  power  of  re-  face,  and  so  1hat  the  surface  of  the 

fractors  to  collect  the  sun's  rays  to  a  waterpqinciiiedwithoneqt  ilsdiameters, 

focus,  so  as  to  bum  any  substance  ex-  and  that  qne  of  ttie  sights  on  the  rim  was 

fiosed  to  their  influence,  was,  however,  above  and  the  other  below  the  surface, 
ong  known.  Burning  refractors  are  T^e  eye  being  placed  at  the  sight  above 
verydislinctlydescribedinAristophares  the  surface,  the  sight  below  the  surface 
comedy  of  The  Chudt,  and  Aristotle  was  moved  upon  the  rim,  iintil  the  three 
observed  the  broken  appearance  of  a  sights  appeared  to  lie  in  the  same 
stick  held  obliquely  in  water,  and  at-  slraig-ht  fine.  The  distances  of  the  sights 
tempted  to  account  for  it.  In  the  first  on  the  rim,  from  the  hiehest  and  lowest 
century  of  the  Christian  era  several  points  of  the  circle,  tnen  shewed  the 
optical  phenomena  were  investig-aled  by  angles  of  refraction  and  incidence. 
Seneca,  and  among  others  he  observed  With  this  instrument  Ptolemy  ob- 
that  writing  viewed  through  a  ^lass  served  and  calculated  the  refractions 
bottle  filled  with  water  was  magnified,  correspondine  lo  eveiy  ten  degrees  of 
This  was,  probably,  the  first  discovery  incidence  in  tne  quadrant,  the  refraction 
of  the  magnifying  power  of  a  refracting  being  made  between  air  and  water.  He 
medium,  bounded  by  convex  surfaces,  also  measured  and  calculated  the  re- 
Seneca  also  noticed  the  colours  pro-  fractions  between  air  and  glast  and 
duced  by  a  prism  or  angular  piece  of  teaier  and  ^hus,  by  cutting  the  glass 
glass,  and  observed  (hat  they  were  si-  into  a  semi-cylinder  of  the  same  dia- 
inflar  to  those  of  the  rainbow.  meter  as  the  graduated  circle,  and  ap- 
(4.)  The  most  distinguished  among  plying  the  semicircle  to  the  end  of  the 
the   ancients   for   discovery   in   optical  semi -cylinder. 

science    was    Claudius    Ftolemt/,    the  The  results    of  these  experiments 

celebrated  astronomer  of  Alexandria,  showed  that  the  deflection  of  the  ray 

?bo  flourished  in  the  second  century  of  between  glass  and  water  was  less  than 

tile  Christian  era.'   This  philosopher  was  in  either  of  the  cases  between  water  or 

the  first  who  observed,  with  any  degree  glass  and  air.     From  this  he  was  led  lo 

of  scientific  precision,  the  phenomena  conclude  that  the  difference  of  the  den- 

of  refraction.    He  appears  to  have  sys-  sities  of  the  media  was  the  cause  of  re- 

tematiied,   improvecf,   and   imparted   a  fraction,  since  water  and  glass  differed 

greater  degree  of  accuracy  to  all  that  less  in  density  than  air  and  glass,  or  air 

?as  previously   known  concerning  the  and  water.     This  fortunate  observation 

reflection  of  light  at  plane  and  curved  suggested  the  probability  that  liglit  from 

surfaces,   but  he  m^t  justly  be  con-  celestial  objects,  in  passing  into  our  at- 

sidered  as  the  first  and  exclusive  dis-  mosphere   from  the  surrounding   me- 

coverer  of  the  principal  phenomena  of  dium,  whatever  it   be,   might   suffer  a 

refraction  or  dioptrics.  deflection,   the   consequence   of  wliieh 

Btolemy   observed  that  it  a  visible  wovdd  be  that  our  view  of  the  whole 

oUect,  a  piece  of  money  for  example,  be  face  of  the  heavens  must  be  djstorled  ; 

laid  on  the  bottom  of  a  vessel,  and  the  objects   appearing    variously    removed 

eye  so  placed  that  the  edge  of  the  vessel  from  their  true  places,  accordingto  their 

just  intercepts  the  view   of  the  object,  various   positions  with   respec'   to   the 

upon  filling  the  vessel  with  water,  the  highest  point  or  the  zenith.     The  only 

Object  will  seem  to  be  gradually  raised,  point  which  would  not  be  removed  from 

until  at  length  it  comes  distinctly  into  its  true  place  under  suchcu-cumslances. 
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WQtdd  tw  ttie  lenilh  |lself;'fgr  the  im  uiTention  of  ^pertanle^  tdescopej,  wi 

passing  from  that  pobt  to  the  eye>  mi^st  micrascapcci    In  describing  the  effept^ 

enter  The  att^o^pqer^  asrpeadicjtlarly ;  of  poiivef    )^^ia    pf  g|a»v,  be  stiLtes 

^ndheobswveilliiatinhUe^erinienl^'  ihftl  ''lljej  BfeujefiU  tq  old  men,  and  to 

vh^ever  the  ny  met  th^  sucftice  of  itip  ttuju  (flit  )i'|ye  «eak  ^^ es,  for  they  ta^i 

w»ter  or  da^s  peipendiguUrl]',  ^tigte  fi^  iee  u(p  ^^U^t  l^tt^  guMciently  m^- 

HP  defieelion.             Bjfied."    Bewfictmg  tjie  effect*  ot  com- 

Thus  he  jJCTceivp^  thut the ipnilji If «  hioalionsof  !ense9,B*  uj^rr-"  We ihftU 

B  fixed  pomli  ynlli  reiefeijoe  tp  nlucn  fee  the  qt^^t  nei^'^tYiftiid.  or  a^adisT 

be  should  be  enabled  t<^  ascertain  thjs.  tance/and  under  any  apgle  ve  please- 

interesting  fact    The  lest  to  whjch  he  And  tlms  from  SPP'^f^™^'^'*"""^ 

nibmitled  this  is  4  remarkable  inst^nc^  may  read  the  ^m^ejt  letters,  and  may 

of  philosophical  acuteijess.    Inhiscx-  number  the 'smallest  particles  of  du4 

penments  he    had    pbserved  ihat  the  and  swd,  by  Tcason  6£  the  ^estneu  pf 

more  obliquely  the  ray  met  the  refraclr  £heiing!ei}nderwhicliwesfe  them;  i^iq 

ing  surface,  the  greater  was  the  diiSec-  on  the  contrary,  w^  i^sy  qot  be  able  tQ 

tion  of  the  refracted  froin  the  incident  see  the  ^eatest  bodies  just  by  u^  by 

ray.    Hence  he  supposed  that  those  oti-  reason  3  the  iitnallness  of  the  ansle^ 

jects  irhich  were  more  remote  from  the  under  which  they  appear ;  thus  a  Doy 

lenith,  and  the  light  of  which  met  the  may  be  as  big  as  a  giant,  ^n^  a  man  as 

atmosphere  more  obliquely,  were  more  big  as  a  mountain,  forasmuch  as  we 

removed  from  their  proper  places.    In  may  see  the  man  under  as  great  an  angle 

other  words,  that  the  distoitioD  of  the  as   the  mountain,   and  9s  near   as  we 

firmament  by  the  retraction  of  the  at-  please.    Thu^  also,  the  sun,  moon,  and 

mosphere  was  greater  near  the  horizon  stars,  rqay  1^  made  to  descend  hither  iq 

than  near  the  zenith.    Accordingly,  he  appearance,  andloappearovertheheads 

observed  the  positions  of  the  same  star  of  our  enemies,  and   many  thii^a   of 

io  different  parts  of  its  diurnal  path  in  a  like  sort,  which  would  a^lonisH  im- 

the  heavens,  and  found  that  it  appeared  akiltul  persons-"* 

not  to  move  in  a  leiser  circle  parallel  to  It  wiU  be  perceived  {liat  Bacon  not  only: 

the  celestial  equator,  but  that  it  con-  describes  the  effects  of  telescopes,  but 

tinually  deviated  in  a  flight  degree  from  ajao  distinctly  alludes  to  their  causes.    It 

■nch  a  circle;  that  this  deviation  wa?  i*  yery  difficult  to  conceive  that  he  could 

greater,  the  more  distant  the  star  vas  have  written  t^u»,  without  liaving  actu- 

from  the  zenith  or  highest  point,  and  ally  constructed  (he  instruments,  an4 

that  the  deviation  alway;  bropgbt  tt^e  witnessed  the  effects  which  he  describes. 

■tar  nearer  to  the  zenith.  (G.)  In  the  sixteenth  ceiitury,  Mau- 

Suchwere  thephenamenaheob$ervec|,  rolyciis  explamed.  with  gre^t  exactness. 

Bad  they  were  precisely  what  his  esperi-  the'  sttuctufeaud  functions  of  the  eye, 

ments  suggested-    The  last  mentioned  more  especially  of  the  crystalline  humor, 

circumstance,  of  the  deviation    bein^  He  showed  that  those  defects  which  ara 

ftlways  towards  the  zenith,  showed  that  callei)     long-sightedness,     and     short- 

the  refracted  ray  was  bent  towards  thQ  sigh^edness,  proceeded  from  too  small  w 

perpendicular,  which  proved  that  the  tp^  great  a  refracting  power  in  the  eye. 

densityof  theatmcspheremustbegreatcr  and  showed  hov)' and  why  these  4efects 

than  that  of  the  fluid,  if  such  there  tK,  were  rmnoved  by  the  use  of  convei^  and 

which  pervades  the  region  beyond  it.  concave  lenses-    ^laurolycus  failed  to 

(5.)  A  long  interval  elapsed  after  the  discoverthefqrmatioiiofthepicturepntho 

age  of  Ptolemy,  before  the  science  of  retin^.'a'idthefnnctionsof thatcoat,from 

optics  made  any  advance-    A'lout  the  the  difficulty  of  recpnciling  an  inverted 

beginning  of  the  twelfth  century,  some  image  withourperceptionoferectobjects. 

Mteps  were  made  towards  improvement  Abovit  this    time  Qaptista  Poria,  a 

in  the  theory  of  visioa    Inthe  thffleentli  Neapolitan  philosopher,    invented   the 

century  Roger  Bacon  devoted  eoosider-  camera  oftscuVo-    He  observed  that  if  ^ 

able  attention  tq  the  study  of  optics;  smalLholebemadeinthewinduw-shutler 

and  although  he  cannot  t>e  said  to  have  of  a  darkened  chamber,  the  images  oC 


extended  the  bounds  of  the  science  by     eitemal  objects  will  appear  depicted  in 

Sosilive  discoveries,  yet  he  has  so  plainly     flieir  proper  colours  on  the  opp     '        " 
escribed  the  effects  on  vision  produced     He  then  tried  the  effect  of  a  c< 


by  lenses  and  tlieir  combinations,  that    fixed  in  the  aperture,  and  found  that  the 

we  cannot,  with  any  regard  to  justice, 

deny  him  a  share  in  the  honour  of  the        •  SniiKfiiUabDnhEacTcjdpBdii— Ochm. 
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V  perfect  and   dir«ctioi^  and  under  the  ume  Circum- 


known 


inown  from  the  image.    Ttie  [nctiirea,    duced,  and  were  ditposed  in  the  lame 
howefer,  thus  produced,  were  inverted,    order.    He  cwnceived  that  a  solar  ray 


cofflTex  mirror  properly  placed  and  face ;  paning  out  as;ain  at  the  lower 
ftd«>ted  to  the  leci.  sur&ce,  that  it  reached  the  eye  of  a  spec- 
Observing  that  the  images  thus  formed  tator  {nvperly  placed,  and  produced  a 
by  the  convex  leni  were  magiufied.  and  perception  of  the  colour*  of  the  bow. 
•eenwithmoredistinetQeastlun  with  the  He  accounted  forlbe  colours  inthefol- 
naked  eye,  it  occurred  to  him  that  if  a  lowing  manner.  The  red  rays  issued 
convex  lens  were  presented  to  an  object  from  the  nearest  part  of  the  mner  sur- 
so  as  to  form  an  image  at  its  focus,  an  face  of  the  drop,  and  having  traversed  a 
eye  placed  a  short  distance  behind  that  less  quantity  of  water,  preserved  the 
imase  would  see  the  object  magnified,  greater  degree  of  intensity ;  for  the  red 
Such  an  arrangement  was,  in  fact,  a  colour  was  always  considered  to  be  pro- 
telescope  without  an  eye-glais.  duced  by  the  most  intense  end  active 
(7.)  The  phenomenon  of  the  rainbow  portion  of  the  light  The  green  and  blue 
could  not  have  failed  to  attract  attention  rings,  on  the  contrary,  were  those  which 
at  a  very  early  period.  A  work  has  were  reflected  from  that  part  of  the 
been  brought  to  light  by  Venturi,  writ-  posterior  surface  of  the  drop  wiiich  was 
ten,  in  1311,  by  Theodoricof  Saxony,  a  most  distant  fivm  the  point  of  final 
Dominican  friar,  in  nhich  a  rational  emeivence,  and  having,  therefore,  tra- 
explanation  of  the  double  bow  is  given,  versed  a  greater  quanti^  of  water,  were 
Bxtensive  extracts  from  this  work,  with  more  funt.  The  other  coloura  of  tlie 
the  figuTCS  of  the  single  and  double  re-  bow  were  conceived  to  be  formed  by  these 
flection  within  the  drops,  may  be  seen  three  mixed  in  various  proportions. 
in  the  sixth  volume  of  the  Amtales  da  If  a  straight  line  be  drawn  from  the 
Pfuftiqut  et  de  Ckirme.  sun  to  the  centre  of  the  droj),  and  con- 
The  art  of  printing  not  having  been  tinued  through  the  centre,  U  will  meet 
then  invented,  it  is  probable  that  the  the  posterior  surface,  at  a  certain  point. 
work  of  Theodoric  did  not  gain  publi-  De  Dominis  conceived  that  the  rays 
city,  and  was  not  generally  known,  which  produced  the  same  colour  were 
Accordingly,  we  find  several  eminent  similarly  situate  with  reapect  to  this 
philosophers,  at  the  end  of  the  sixteenth  pdnt,  and  therefore  that  sudi  rays  ought 
and  commoicement  of  the  seventeenth  to  form  with  the  line  drawn  from  the 
centuries,  enga^  in  attempts  to  solve  sun  to  the  eye  of  the  spectator  equal 
the  problem  of  the  rainbow.  Some  angles.  Hence  be  inftmd  that  each 
conceived  the  exterior  bow  to  be  a  colour  should  appear  in  a  circular  band 
reflected  image  of  the  interior  one,  or  in  the  surface  of  a  cone  of  which  the 
and  thus  accounted  for  the  inversion  eye  is  the  vertex,  and  the  line  from  the 
of  the  colours,  neschier,  of  Breslau,  eye  to  the  su.i  the  axis.  Upon  these 
attributed  the  production  of  the  colours  principles  he  accounted  for  the  shape  of 
of  the  rainbow  to  <wo  refi^actions  by  the  bow  and  the  order  of  the  colours, 
the  drop,  bat  conceived  that  a  reflec-  and  confirmed  his  theory  by  correspond- 
tion  took  place  at  another  drop  beToie  ing  experiments  with  the  ^ass  glotw. 
the  light  reached  the  eye.  It  is  curious  It  has  been  considered  extraordinary 
to  observe  how  slowly  and  gradually  the  that  it  should  be  reserved  for  DeDominis 
laws  of  nature  aie  discovered.  to  make  the  first  important  step  towards 
Soon  after  the  year  1600,  Antonio  de  an  exphcation  of  the  most  singular  and 
Dominis,  srchbisbop  of  Spidatro,  re-  beautiful  phenomenon  in  nature.  Mon- 
duced  the  phenomenon  of  the  rainbow  tucla  declares  his  work  to  be  obscure 
to  actual  experiment,  and  proved  that  and  confused,  and  to  betray  an  unusual 
one  reflection  only,  with  two  refractions,  ignorance  even  of  so  much  of  optical 
is  sufficient  to  produce  the  efi'ect  He  science  as  was  generally  known  in  that 
filled  a  hollow  globe  of  glass  with  water,  day.  Some  difierence  of  opinion  exists, 
and  having  placed  it  in  a  proper  position  however,  as  to  the  extent  of  his  claims 
with  respect  to  a  lieam  of  solar  light,  to  a  share  in  the  merit  of  the  explana- 
found  that  when  viewed  in  the  same  tion  of  this  pbenomenoD.     Montucla 
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■tatel,that  be  cannot  nmeede  to  him  (B.>Theucuinul(ledbcU>nden>m- 
gt«Bter  merit  than  that  of  hBtinghada  meDtsfurniihed  by  various  philoiophen, 
glimmering  of'tbe  true  expluuBon  of  and  the  numwoiu  Mignstioiii  of  optical 
the  interior  bow.  FVom  the  nuuuier  in  writcn,  on  tbe  use  wa  qiplica&ma  at 
which  he  explains  the  c»une(rf  the  rajs,  luuea,  and  Ibur  combinationi,  among 
it  seeou  doubtful  whether  he  wai  even  which  those  of  Roger  Bacon  tutd  Bq>- 
aware  of  the  second  redaction  which  the  tista  Porta  are  more  especiaUy  entitled 
rays  sufiered  on  ttieir  emei^nce  fivm  to  notice,  had  now  prepared  the  way  for 
the  drop.  Hontucla,  however,  denies  the  construction,  we  will  not  say  inven* 
him  anypsrtidpation  in  the  discovery  of  tioo,  oftelescopes  and  microscopes.  The 
the  cause  of  the  exterior  bow,  and  states  approach  to  the  constnictioD  of  the 
that  he  had  not  tbe  most  remote  idea  of  telescope,  bke  the  passage  from  dark- 
the  double  reflection  which  constitutes  ness  throng  twilight  to  broad  day,  is  so 
the  character  of  this  phenomenon.  Dr.  gradual,  that  it  is  almost  impossible,  if 
Brenster,  on  the  other  hand,  an  high  we  denv  the  invention  to  Bacon,  to  as- 
authority  on  this  subject,  says,  that  sign  it  to  any  other.  Bescartes  assign* 
although  his  attempt  at  explaiiuD?  the  the  discovery  to  James  Melius,  a  Dutch- 
interior  bow  is  sufficiently  aljsura.  yet  man,  and  a  citizen  of  Alkmaer.  He 
that  it  is  impossible  for  any  philosoptier,  commences  his  Dioptrics  with  this  hu< 
free  ftom  the  influence  of  national  par-  miiiating  confession : — "  To  the  shame 
tiality,  to  deny  that  tbe  Italian  prelate  of  sdence,  this  admirable  invention  waa 
has  given  such  an  erplanation  of  ttie  the  fortuitous  result  of  experience.  Alwut 
general  phenomena  of  the  exterior  bow,  thirty  years  ago,  a  person  named  Jamea 
that  any  other  philosopher  of  more  Metius,  who  had  never  studied,  althou^ 
optical  knowledge,  and  of  inferior  acute-  his  father  and  brother  had  devoted  them- 
nets,  could  not  fail,  without  any  stretch  selves  to  the  profession  of  mathematics. 
of  intelleet,  to  give  precision  and  perfeo-  but  who  took  great  pleasure  in  making 
tion  to  the  explanation.  Newton's  own  mirrors  and  burning  glasses,  having 
Wtoion  appears  to  li&ve  been  similar  to  occasion  for  glasses  of  different  forms, 
that  last  quoted.  happened  to  look  Uuough  two  of  them, 
Atwutuie  period  at  which  DeDominia  of  which  one  was  convex  and  the  other 
instituted  his  experiments,  Kepler  pro-  concave.  He  applied  them  to  the  ends 
posed  an  explanation  of  tlie  rainbow,  in  of  a  tutw,  and  thus  happily  formed  tbe 
a  letter  to  Harriot    He  conceives  that  first  telescope." 

the  solar  ray  which  touches  a  drop  of  Not  satisfied  with  this  origin  of  the 
rain  is  refracted,  and  penetrating  the  telescope,  some  authors  have  sought  for 
drop  meets  the  posterior  surface,  from  one  still  more  humiliating  to  science, 
which  it  undergoes  a  partial  reflection  ;  and  to  the  pride  of  human  intellect.  It 
that  again  penetrating  the  drop,  it  is  said  that  the  children  of  a  spectacle- 
emerges,  and  at  its  emergence  undergoes  maker  at  Middleburg,  happening  to  play 
a  second  refraction,  after  which  it  reaches  in  their  father's  shop,  were  amusing 
the  eye  of  the  spectator.  Kepler  her«  themselves  with  looking  at  a  weather- 
approximated  ■very  closely  to  the  true  cock  with  two  glasses,  the  one  convex 
solution  of  the  problem.  If,  however,  and  the  other  concave ;  and  happening 
the  ray  which  finally  reached  the  eye  to  place  them  in  a  fit  position,  they  be- 
were  a  tangent  to  the  drop  when  inci-  held  the  object  magnilied,  and  brought 
dent  on  it,  the  bow  would  be  much  close  to  them.  They  communicated  their 
smaller  than  it  is  known  to  be.  Har-  astonishment  to  ineir  father,  who,  to 
riot  did  not,  on  this  occasion,  give  to  the  make  the  experiment  more  convenient, 
subject  that  attention  to  which  its  im-  fixed  the  glasses  in  a  proper  manner  up- 
portance  entitled  it,  but  excused  himself  on  a  board.  Presentlv  another  person  an* 
to  Kepler  bv  buuness  and  indisposition,  justed  the  lenses  at  tne  ends  of  a  tube,  so 
promising  that  he  wodd  one  day  develop  as  to  exclude  the  lateral  light,  which  dis~ 
the  mystoy.  tt  is  evident  that  he  agreed  turbed  the  vision,  and  thus  made  tbe  ot>- 
nithKepkarintbeneceasityofareflectien  jects  appear  more  brilliant  and  distinct. 
inteRDMiate  between  the  two  re&ao.  The  next  improvement,  which  trod  upon 
tions,  which,  indeed,  considering  the  re-  the  heels  of  the  last,  was  to  use  tubea 
lative  positions  of  the  sun,  ttie  drops,  which  moved  one  within  anotlio-,  so  as 
and  tbe  spectator,  was  sufficiently  ob-  to  admit  of  any  adjustment  of  the  lensei 
TJous.  But  Ite  aaid  nothing  which  can  which  might  be  found  necesaaiy. 
guide  us  to  a  knowledge  of  how  far  he  Without  innating  furltier  on  Ibis  ao- 
waa  acquunted  with  the  true  theory  of  count  of  the  invention,  which,  besides 
tbe  pheDomaum.  being  antuppoited  bj  evidei(e^^^^<lp 
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tehilkl  vritti  circumstances  whicti  ^vi  it  Slated  vUloif.    The  success  of  this  flHt 

email  probability,  we  shall,  notice   tli^  itledpt  Stitnukled  hiih  to  further  exer- 

Oelief  suDstantiated  claim  of  Zacharias  tion,  and  he  conStruuted  a  second  tele- 

jan^en,  \iT]fed  bj  Borelli,  and  allesled  Jcatte  which  magnified  about  eight  timeS^ 

by  legal  witnesses,  wtio  ifere  regiilarly  Finally,  siiaHtig  neither  labour  nor  ex- 

tvora   by  the  consular  inagislrates  ot  pense  (Jn  a  subject  which  seemed  to  pro- 

Middleburg  in  the  year  1635.    ,Zacha-  mise  results  so  important,  he  produced 

rias   Jansen   appears   tb   have  lieen   a  alelescopewhichnlagiiifled  tAi'Hy  fi'mef, 

spectacle- maker    at   Middlehurg,    aiid  ^nd  with  this  he  disctivercd  the  satellites 

the  witnesses  were  his  children,  a  son  of  Jupiter,  the   solar  spots,  and  other 

and  daughter.    The  soil  assies  the  in-  phenomena. 

vention  to  the  year  159Ci,  and  the  daiigh-  This  account  of  Galileo's  proceeding* 

ter  to  the  year  1610.    Both,. however,  is  given  upon  his  own  authority.  It  does 

ap-ee  in  the  fact  ot  the  inverition ;  and  not  seem,  however,  likely  that  Galileo 

the  difference  in  the  dales,  assigried  to  it,  cbuld  have  remained  in  total  ignorance 

instead  of  invalidating  tlieir  testimony,  Of  the  means  which  produced  the  won- 

ought  to  he  considered  Favourable  to  its  derfill  efl^ets  which  had  excited  such 

truth,  since  it  sl^ows  that  no  conspiracy  generd  attention.    Besides,  he  acknow- 

existed  between  them.     Other  witnesses  ledges  that  he  did  not  trust  to  mere  pub- 

Eve  the  honour  ofthe  invention  to  Jean  lie  report,  but  received  a  letter  expressly 
apprey,  a  spectacle- maker  in  the  sarafe  On  the  subject  from  "  the  noble  James 
place.  .  BadOvere  al  Paris."  Ot  this  letter,  which 
All  these  circumstarices,  considered  Was  vrrittefl  to  inforiii  Galileo  on  the 
with  reference  to  the  general  state  of  siibject,  he  does  not  give  the  particulars, 
optical  knowledge,  at  the  time,  render  Is  it  likely  that  in  such  a  communica- 
it  probable  that  telescopes  were  con-  tion,  made  to  such  ft  maii,  no  allusion 
strucled  by  several  persons  nearly  at  woQid  be  made  to  the  ineans  of  produe- 
the  same  period,  each  being  ignorant  ing  (he  effects  described,  nor  that  lenses 
of  what  had  been  done  by  the  others,  werb  not  distinctly  mentioned  ?  Add  to 
Effects  so  singular  and  so  brilliant  as  this,  that  the  general  problem  of  magni- 
those  produced  by  the  telescope  coiUd  fying  distant  objects  by  the  modification 
not  be  long  confined  to  one  country.  It  of  the  rajs  or  light  b^  refraction  or  re- 
will  easily  be  believed,  that  such  an  jn-  flection,  or  txith,  which  we  must  sup- 
strument  could  not  continue  a  mere  toy  pose  to  be  that  which  Galileo  asserts 
of  amusement,  or  matter  of  curious  ol>-  that  he  solved,  is  very  indeterminate, 
servation  to  ptiilosophers.  Among  those  and  such  as  would  be  estremely  unlikely 
who  applied  it  to  the  great  ends  of  to  be  deduced  from  the  general  theory  of 
sdence,  the  name  of  Galileo  stands  tore-  optics  as  then  known.  Still  leas  prooa- 
most.  If  we  could  credit  his  own  ac-  ble  is  it  that  of  the  infinite  variety  of  so- 
count,  it  would  not  be  more  than  justice  lutions,  which  so  indeterminate  a  pro- 
even  to  assign  to  this  philosopher  ,ii  blem  admits,  he  would  have  chanced  to 
share  in  the  honour  of  the  invention,  be  led  to  that  particular  one  which  had 
although  we  cannot  concede  to  him  a  been  practised  in  the  north  of  Europe, 
priority.  He  states  that  he  was  atVeriice  (9.)The  honourof  Iheinventionof  the 
when  a  report  of  the  wonderful  etfects  of  astronomical  telescope  belongs  indispu- 
Ihiadiscoverywasspreadabroad. Doubt-  tablv  and  exclusively  to  Kepler.  In  his 
fill  at  first  to  what  degree  of  faith  state-  work  on  Dioptrics,  he  distinctly  suggests 
ments  ^parently  so  incredible  were  en-  the  substitulioh  of  a  convex  eye-glass 
titled,  he  awaited  a  confirmation  of  the  for  the  coiicave  one  previously  used.  Ha 
intelligence,  which  he  received  in  letters  shows  that  in  this  case  the  image  will 
from  Paris.  Being  credibly  assured  of  necessarily  be  inverted ;  but  the  advan- 
tbe  reality  of  the  powers  ascribed  to  the  tage  of  ail  enlarged  field  of  view,  in 
new  instrument,  but  uninformed  of  the  which  this  instrument  excels  the  Galilean 
particulars  of  its  construction,  he  ap-  telescope,  seeois  to  have  escaped  his  n^ 


plied  himself  to  the  investigation  of  tlMJse  tice.  To  this  we  may,  perhaps,  impute 
particulars,  by  the  aid  of  the  established  the  circumstance  of  Kepler's  never  hay- 
theory  of  refraction,  and  conipletely  sue-  ing  actually  constructed  telescopes  upon 
ceedol  in  discovering  thenL  He  forth-  the  principle  which  he  suggested,  con- 
with  applied  a convet  object-glass,  and  aident)g,urobably, thalastheypreseuted 
concave  eye-glass,  to  the  extremities  of  inverted  images,  their  use  for  teirestrial 
a  tube,  and  directing  it  to  distant  ob-  objects  would  be  awkward  and  inconve- 
jects,  found  that  it  rendered  them  fliree  hierit,  and  that  they  possessed  no  ad< 
Lmes  as  largs  as  Qiey  appeared  to  uius-  vtntage  in  utioiioiiuctil  observatioiu 
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(>Ter  those  used  liy  Gslileo  and  others,  ray,  and  perpendicular  to  the  luiiiice. 
Kepler ,was,  however,  aware  ai  the  me-  With  I  as  centre,  and  any  distance  1 8, 
thod  of, corroding  thp  position  of  the  describe, acircle  in  the  plan;  of  the  sec- 
linage;  by  tjie  upe ,  pf  additional  eve-  lion,  and  draw  tangents  at. SS.peipendi- 
classes ;  but  projiahly  considered  thf4  cutar  ti^  the  retracting  surface.  Let  the 
uie  .bomttfexily  of  th^  inst^-ument,  and  incident  ray^  meet  the  upper  tang^ent  at 
"     ■■      of  li?hf;  would  render  it  inferior  p',  P",  V",  && ;  and  let  the  cotre^ond- 


to  Uie  Galilean  telescope. 

The  optical  discoveries  of  Kepler  were 
not  confined  to  the  telescope.  He  made 
experiments  on  refraction  l)y  lenses,  and 
'  '        establishing  som^  o(  the 


ing  refracted  ray  meet  the  lower  tangent 
at  j/,  p",  p"',  Sec.  It  was  found^  Snel- 
linsi  thilt  the  ratio*  ^,^,  \'}  ,&c 

L-      ,-      "+1      i  were  equal  so  lohg  as  the  media  S  AS 

properties  of  the*  foci.  ,  He  also  ex-  and  S  B  S  remained  the  same.  Taking 
plained  the  formation  of  the  inverted  the  radius  T A  or  IB  as  the  unit,  the 
image  on  the  retina.  He  attributed  erect  jines  PT,  P"I,  P'"I/&c.  art  the  cosecants 
vision  from  an  itivericd  iinace  to  an  of  the  angles  of  incidence;  and  the  line* 
operation  of  the  mind,  by  which  it  refer*  j,'i,y'i,^'i,  gtc.  are  ihe  cosecants  of 
the  lower  part  ot  the  image  to  the  upper  the  angles  of  refraction.  -These  quanti- 
side  of  the  eye,  but  considered  it  beyond  ties  are.  therefore,  in  a  fixed  proportion. 
our  power  to  determine  the  manner  in  The  cosecants  ot  angiia  being  the  reci- 
which  the  mind  pertei*es  file  images  of  procals  of  their  sines,  it  follows  that 
Objects  upon  the  retina.  He  investiEated  „hen  the  media  on  each  side  of  the  re- 
the  power  of  the  eye  to  Bcconlmodale  fractirig  surface  are  given,  the  sWe  of  th« 
itself  to  difffetent  distances,  and  attn-  angieof  incidence  bears  to  thesineoftha 
buted  it  to  the  contracting  poitfer  of  fte  angle  of  refraction  art  irivaHablte  ratio. 
ciliary  processes.  (ll.^Thediscovetyofthelawofrefrac- 

(10.)  At  the  period  to  idiicH  vtenow  tion  hasbebn  soniemHesetToneousIyaa- 
refer,  the  beginning  of  the  seventeetith  cribed  to  Descartes.  With  a  degree  of 
century,  the  most  important  discovery  disingenuousness  and  want  ot  candour, 
in  the  theory  of  retraction  Since  the  tiiM  or  rather  of  common  justice,  which  not 
of  Plolemy,  was  made  by  Willebroid  unfi-equentlycharaclerised  the  conduct  of 
Snellius,  professor  of  mathematics  at  that  great  philosopher,  he  has  announced 
Leyden.  This  philosopher,  by  a  careful  ;„  (ijg  Dioptrics,  published  eleven  years 
comparison  of  numerous  refracUora  at  after  the  death  of  Snellius,  the  law  of 
different  incidences,  found  that  if  a  refraction  ■  as  the  result  of  his  own  ia- 
sphere  wert  described  round  the  point  of  quiries,  without  taking  the  slightest  no- 
incidence,  and  a  cylinder  circumscribed  tice  of  the  previous  discovery  of  Snd- 
this  sphere,  having  its  axis  peipendicular  [iug,  although  there  is  no  doubt  that  he 
to  the  retVacting  surface,  the  parts  of  the  ^as  acqilainled  with  it ;  and  there  is  even 
Incident  and  refVacted  rays,  between  the  strong  reason  to  believe  that  Descartes 
cehtre  ot  the  spherb  and  the  cyhnder,  had  the  manuscripts  of  Snellius  in  hia 
were  in  a  constant  ratio,  so  long  as  the  hands,  and  availed  himself  of  the  full 
retmcting  medium  remained  the  same.  and  unrestribled  use  ot  them. 
—  .. , .  .!.._  ......  ..J. _.  1  About  the  time  of  the  death  of  Snel- 

lius, which  happened  in  1626,  at  the 
early  age  ol  thirty,  Descartes  applied 
himself  to  optical  investi^tions ;  and,  in 
1637,  published  his  Treatise  onDioptric*. 
Guided  by  the  law  of  refi-aetion,  with  (he 
recent  discovery  of  which  he  was  made 
acquainted,  he  made  some  important  ad- 
ditions to,  arid  improvetnents  in,  the 
science.  The  fact  that  spherical  lenses 
weie  incapable  of  collecting  rays  of  li^t 
into  an  exact  fbclis,  had  been  Known  trf 
eiperiehce ;  and  the  Cause  of  this  sphe- 
rical aberration,  as  Well  as  its  quantity 
and  laws,  were  easily  deduced  from  the 
Snellianlaw.  Tocomjirehend  thenatura 
...  _  _  of  this  defect  of  spherical  lenses,  let  the 
fracting  medium,  or  r«tl  er  a  section  light  incident  upon  them  bt  conceived  to 
■uppt^^to  pan  through  the  incideiit   be  divided  into  a  number  of  coocentrieal 


To  explain  this  itHportant  law  more 
fully,  let  I,  J^.  2,  be  the  point  Of  inci- 


dence,.  and  S  I  !J  the  rfefraeling  surface, 
3  B  S  being  a  vertical  section  of  the 


oy  Google 
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rings ;  the  eicterior  tint,  or  that  which  known  to  be  fonned  by  coHectiDg  the 
ii  moit  diitant  fi^m  the  centre  of  the  nji  emoging  from  them  into  the  fociu 
lens,  win  be  collected  b;  refraction  into  of  the  lens,  it  followed  from  these  con- 
K  focus,  Kt  *  pcnnt  on  the  axis  oT  the  lens  lidentions  that  each  of  the  rings,  into 
at  a  certain  distance  from  the  smWe.  which  we  have  supposed  the  surface  of 
The  next  rinc  of  light  within  the  last  the  lens  to  be  divided,  must  produce  a 
will  be  also  ejected  into  a.  point,  taut  at  separate  image ;  and  thus  an  indefinite 
agreaterdistancefrom  the  surface;  and  number  of  images  of  the  same  object 
»on,eachrmgof  light  is collectedinto  would  be  fomid  at  difierent  distances 
a  focns,  the  distance  of  which  from  the  from  the  lens,  and  arranged  in  regular 
aurface  increases,  aa  the  distance  of  tlie  succession  along  the  axis.  This  effect. 
ring  from  the  centre  of  the  lens  dimi-  called  jpAmfia/afterra/ioti,  caused  a  oon- 
niibes.  To  illustrate  this,  let  L  L  be  a  fusion  m  the  appearance  of  the  image, 
section  of  the  lens  at  right  angles  to  its  which  confusion  was  increased  with  the 
axis;  end  suppose  its  surface  divided  magnitude  and  curvature  of  the  lens, 
into  rings  as  repre-  Fig.  3.  Seeing  that  this  defect  was  essential 
sented  in^.  3,  and  x.  to  the  very  nature  of  spherical  lenses, 
let  the  Older  of  the  yC^-^-—-~^^  Descartes  proposed  to  investigate  the 
rings  be  reckoned  /yy^ — "^NXN  ^gox^  of  a  lens  which  should  be  free 
from  the  ei^  of  ///A^-^^xV\\\  ^"^  "^'  defect;  and  such  that  each 
the  lens  towards  the  (||  [(fi)\)  jj  |  '^^P'  into  which  its  surface  would  be 
centre,  calling  the  \\\\sZLyJ//j  divided,  might  collect  the  rays  to  a  focus 
external  ring  the  V\K>^^;|>V/  ^^  "^^  same  distance  from  the  lens, 
firtl  ring,  the  next  x^^^^Z^^^x'^  ^^  '"8^  analytical  acquirements  of  this 
within  that  the  «-  ^^-jt"''^  mathematician,  united  with  the  know- 
cond  ring,  and  so  ledge  of  Snellius's  law,  rendered  the  so- 
on. Let  L  L,  j^,  4,  be  a  section  of  lution  of  this  problem  a  matter  of  no 
the  lens  by  a  plane  through  ita  ■■*» ;  great  difficulty.    He  accordingtv  found 


Fig.  4. 


a  class  of  curves,  since  called  tne  Car- 
tuian  ovale,  which  possessed  the  re- 

"Lt  quired  propaiy.    When  the  densities  of 

/^  u»e  medium  of  incidence  and  the  rae- 

lj\  dium  of  refraction  are  given,  the  figure 

I  X  \  of  the  surface,  which  will  collect  into  an 

[G-ri 1    j,   '    I   "  'exact   focus  rays  emerging  from  any 

\\\                                          n  fti3  f*-  given  pobt,  will  always  be  determined 

\i!  by  one  of  these  ovals.  When  the  incident 

^  rays  are  parallel,   the  oval  becomes  a 

I"  conic  section  *. 

and  suppose  that  the  whole  lens,  ex-  Ignorant  of  the  cause  of  the  principal 
cept  the  first  ring,  be  covered  l^  an  defectof  lenses,  which  was  subsequently 
opaque  circular  cover,  and  light  be  inci'  discovered  by  Newton,  Descartes  ex- 
dent  on  its  surface,  this  light  will  be  re-  peeled  much  greater  results  from  this 
fracted  to  a  certain  point  /,  in  the  axis ;  discovery  than  it  was  capable  of  pro* 
and  this  point  will,  therefore,  be  the  ducmg.  He  invented  machines,  and  en- 
focus  of  thJe^rft  rtrif.  A^ain,  removing  gaged  skiUiil  artists  to  grind  spheroidal 
the  cover  fnta  the  lens,  let  another  be  lenses,  aceording  to  the  figures  sug- 
substituted,  which  will  leave  the  second  cested  by  his  theory.  After  the  expen- 
ring  alone  exposed  to  the  light.  Tlie  diture  of  much  labour  and  ingenuity,  no 
rays  will  now  be  collected  in  the  point  adequate  advantage  was  obtained,  and 
/,.  The  same  process  being  continued,  at  this  day,  when  practical  science  has 
and  the  third,  fourth,  and  other  rings  attained  such  an  extraordinary  degree  of 
being  successively  exposed  to  the  liglit,  perfection,  the  spherical  lenses  are  still 
their  foci  will  be  found  at  the  puints  fi,  universally  used. 
ft.  Sec.  the  rings  nearest  to  the  centre  of  (12.)  In  unfolding;  the  theory  of  the 
^e  lens  having  their  fod  most  distant  rainbow  Descartes  has  been  singularly 
from  ita  surface.  It  was  easily  deduced  happy,  and  certainlv  has  brought  the 
from  the  law  of  refraction,  that  the  foci  explanation  of  this  pnenomenon  as  ne^r 
of  the  rings  near  the  centre  o(  the  lens  to  perfection  as  could  be  done  by  one 
were  much  closer  together  than  those  who  was  ignorant  of  the  difi^nt  n 

near  its  surface.  -7-j ■  ■  ■- ■  .  ■ 

Since  the  images  of  olyectg  were  jit4S^em!l^f,isa.    ™™'"" 

Digitized  bvGoOC^lC 
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fiwigibility  or  light.    Here,  as  in  the  if  tlwt  were  the  caw,  both  itnsgei  of  an 

case  of  the  late  of  reaction,  this  geo-  object  seen  through  the  crjrstal  would 

meter  has  fixed  an  indelible  stain  upon  maintain  the  tame  position  with  respect 

his  bme,  by  a  similar  act  of  unprinci-  to  a  perpendicular  to  the  refractiDg  mir- 

pled  seUihness  and  injiutiee  towards  face,  while  the  cryttal  was  turned  round 

Antonio  de  Dominis,  to  whom  he  never  that  perpendicular  a«  an  axis.    Such, 

even  alludes  in  his  treatise.    Descartes  however,  he  found  not  to  be  the  fact. 

explained  why  the  interior  bow  has  a  By  the  revolution  of  the  crystal,  one  of 

diameter  of  4S°;  this  was  an  easy  in*  the  images  only  was  observed  to  obey 

fCTCTce  from  the  theory  of  De  Dominia  the  above-mentioned  law.     Hence  he 

and  the  law  of  Snelliua.    But  the  genius  inferred  that  one  of  the  two  relractiona 

of  Descartes  was  very  conspicuous  in  was  performed  according  to  the  com- 

his  solution  of  the  problem  of  the  ex-  mon  law,  but  that  the  other  obeyed  an 

teriorbow.    He  ahewed  that  the  sun's  extraordiiiBTy  law,  not  before  noticed  by 

rays  entering  the  inferior  part  of  the  opticians.    The  results  of  these  expen* 

drop,  emer^  with  a  second  refraction  ments  were  published  by  Bartolinus,  in 

firom  the  superior,  after  undergoing  two  a  work,  entitled  jExpertmenla  crystalti 

reflections  within.    The  double  re&ec-  ItUtruUci  du-diaebutid  ijutbuM  mira  et 

tion  accounted  for  the  funtness  of  the  ituoUia  refraciii)    detegitur.      Copen- 

exterior  bow,  and  the  inversion  of  its  ha^en,  1699. 

colours.    Thus  we  see  that  ignorance  of  The  publication  of  this  work  soon 

the  different  refrangibility  of  light  alone  drewthe  attention  o(  the  celebrated  Huy- 

prevemed  this  philosopher  from  bringing  gens  to  the  subject  of  double  refraction, 

the  theory  of  the  rambow  to  absolute  Previously  to  this  he  had  published  a 

perfection.  theory  of  refraction  and  reflection,  found- 

(13.)  In  the  middle  of  the  seventeenth  ed  on  the  hypothesis,  that  light,  like 

centu^  a  discovery  was  made  bv  Eras-  sound,  was  propagated  by  the  undula- 

mua  Bartolinus,  a  Danish  matnemati-  tions  of  a  subtle  and  elastic  medium, 

cian,  which  formed  the  first  of  the  most  which   he    supposed    to    pervade    all 

brilliant  train  of  experiments,  and  may  space  permeable  to  light    Others  held 

be  considered  the  basis  of  the  moat  that  light  was    corporeal,    and   cum- 

splendid  speculations  which  ever  adorn-  posed  of  infinitely    imall  and  subtle 

ed  the  annals  of  science ;  speculations  corpuscles,  which  were  emitted  from 

which  regard  not  merely  the  phenomena  every   luminous    body,    and    entering 

of  light  and  vision,  but  which  seem  to  the  eye  impinged  upon  the  retina,  and 

furnish  man  with  new  sensibilities,  which  produced  sensation.    This  corpuscular 

are  to  touch  what  the  microscope  is  to  theory,  which  is  as  old  as  I^uiagoras, 

tight,  and  disclose  to  his  view  wonders  was  adopted  by  Newton  for  the  expli- 

of  nature  which  would  refuse  to  un-  cation  of  the  phenomena  of  optics ;  but 

vdl  themselves  to  any  other  power.     In  it  is  proper  to  add.  that  he  is  careful  not 

this  extensive  Held,  more  than  in  any  to  intermingle  with  the  reasoning  from 

other,  has  the  philosophic  genius  of  his  experiments  any  assumptions  from 

our  own  times  shone  forth.  this  theory,  which  could  at  all  atf'ect  the 

BartolinusreceivedfiMmsomeDanish  validity  of  his  resut  Is,  allot  which  are 

merchants,  who  frequented  Iceland,  spe-  entirely  independent  of  any  hypothesis, 

cimens  of  the  crystal,  of  extraordinary  and  such  that  anv  theory  must  account 

transparency    and    dimensions,    since  for  before  it  can  oe  admitted  as  a  true 

known   by  the  name  of  Iceland  tpar,  one. 

which  is  airbonaie  of  lime,  in  a  crystal-  -    Hnygens  took  up  the  subject  of  doubU 

lized  form.    While  making  optical  ex-  reaction,  in  order  to  obviate  any  ob- 

periments  with  pieces  of  this  crystal,  he  Jedions  to  his  undulaton  theory,  which 

discovered  that  it  exhibited  a  double  might  arise  from  it    He  accordingly 

image  of  objects  seen  through  it,  and  eiplains  distinctly  the  law  which  regu. 

consequently  inferred  that  each  ray  of  lates  the  refraction  of  the  extraordinary 

light  in  passing  through  it  was  cloven  ray,  and  attempts  to  shew  how  the  phe- 

into  two  rays,  which  were  refracted  at  nomenon  may  be  accounted  for  by  sphe- 

different  angles,  while  the  angle  of  in-  roidal  undulations,  while  ordinary  re- 

eidence  of  the  whole  ray  of  which  they  fraction  is  ascribed  to  spherical  undu< 

were  the  component  parts  remained  the  lations.    As,  however,  Inis  part  of  the 

aame.    Slight  observation  was  sufficient  subject  is  not  intimately  connected  with 

to  prove  that  both  of  these  refracted  the  discoveries  of  Newton,  we  shall  not 

laj^  did  not  obqr  the  8nelli«n  law,  for  here  enter  into  Autber  detail  upon  it) 


nK,iz...,C00c^[c 
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but  refer  the  reader  to  Qur  history  of  served  Ihat  il  nas  diffused  in^  the  fordi 

optics,  in  which  this  and  maiiy  other  of  a  cone,  and  tiiat  the  shadows  of 

tnatiers  entirely  omitted  here  will  be  hodies  placed  in  this  light  were  latter 

treated  at  large.         ,       .           ,    ^  that}  they  would  have  been^  had  the 

\Vhile  examining  the  two  rays  into  light  parsed  without  inlerniptioii  or  <le- 
which  the  incident  ray  is  cleft  Dy  the  flexion  at  their  edges.  Upon  liiore  mi- 
Iceland  s^iar,  Huygens  discovered  one  nute  and  careful  inspection,  he  observed 
of  the  facts  from  which  Newton  subse-  thai  these  stiadows  were  skirted  with 
Quentlydeduced  the  polsurisation  of  light,  three  coloured  fringes,  which  grew  nar- 
He  found  that  if  these  two  rays  entered  rower  as  they  receded,  from  the  body, 
a  second  prism  of  the  same  ci^staj  si-  He  also  observed,  th^  when  the  light 
loilarly  placed  with  respect  to  ihe  ray,  wqs  sliTjnp  there  were  similar  streaks  of 
each  of  the  two  rays  were  again  re-  cdlonr  within  the  shadow,  whith  in- 
fracted, according  (o  the  same  law  which  creased  in  number  in  the  same  shadow 
regulfUed  their  refraction  in  the  first  when  it  wis  received  at  a  greater  dis- 
crystal;  but  he  fouijd  (hat  it  the  second  lance  trom  the  body.  .  From  these  phe- 
pnsm  were  placed  at  right  angles  to  Ihe  nomena  he  concluded  that  light,  in 
first,  the  laws  by  which  the  rays  were  passing,  the  boundaries  of  an  opaque 
refracted  were  interchanged.  In  every  body,  was  turned  from  its  rectilinear 
intermediate  position  of  the  second  crys-  course,  an  eft'ect  whicH  hasbeeacalled 
tal,  each  of  the  two  rays  from  the  first  inflation  or  diffraction. 
crystal  were  divided  into  two,  so  that  ,  Another  experiment  instituted  by  this 
ihe  whole  primitive  ray  was  resolved  philosopher  indicated  a  still  more  ei- 
into  four.  These  complicated  pheno-  traordinary  property  of  light.  Through 
mena  Huygens  confessed  himself  unable  two  small  apertures  he  admitted  two 
to  solve,  and  it  remained  fbr  the  genius  cones  of  light  into  a  darkened  chamt>er, 
of  Newton  to  explain  the  ciirious  and  the  apertures  ,l)eing  so  placed  that  the 
beautiful  property  o^  polarisatjon.         .  cones  did   not   penetrate   ojie  another 

(14.)   Newton  was  oom  in  1G42,  and  until  they  reached  a  considerable  dis- 

in  1663  Jiines  Gregory  puUi shed  his  tance  &om  thein.   Beyond  this  distance 

invention  of  the  reflecting  telescope,  the.  light  was  received  upon  a  screen, 

consisting  of  two  concave  mirrors,  tjiS  and  it  was  observed. that  the  part  of  the 

larger  of  which,  receiving  rays  from  the  screeii  illumihated  by  both  cones  was 

object,  was  perforated  &  its  axis,  and  the  least  bright,  and  that  its  degree  of 


opposite  to  the  perforation  and  facing    illumination  was  increased  by  depriving 

"■'  ' T,  the  smaller  was  placed  so  ai    it  oF  tlie  light  of  one  of  the  cones,  by 

e  the  rays  reflected  from  the    stopping  one  of  ihe  aperiures.    Thus 


larger,  andreHectmgthemtobring  tham  it  appeared  that  a  body  maV  actually 

to  a  focus  in  a  tulK  placed  in  the  per-  become    more  obscure   l)y  uicreasiiig 

foration.    Xhe  image  thus  formed  was  the    ^uantlly   of  light    which    shines 

viewed  with  an  eye'glass  as  in  the  aa-  upon  il.  , 

trunomical  telescope.  We  hafe  iii  this  chapter  attempted  to 

Three  years  after  this  Newton  iii-  give  a  short  sketch  of  ttie  principal  dis- 
vented  his  reflecting  telescope,  in  which  coveries  in  opJics  before  the  time  of 
he  dispensed  with  tlie  perforation  in  the  Newton.  In  doink  this  we  shall  per- 
principal  speculum,  thereby  preserving  haps  be  aocus^  ofhaVipggiven  an  ua- 
the  central  rays  which  were  niost  es-  equal  or  disproportionate  attention  to 
aential  to  the  formation  of  a  perfect  particular  topics,  and  of  having  touched 
image.  The  rays  reflected  from  the  too  slightly  upon  others,  It  must  how- 
great  speculum  in  Newton's  telescope  ever  be  remembered  that  our  desim  was 
were  again  reflected  lo  ah  aperture  lil  not  to  Write  a  history  of  optics,  but  to 
the  side  of  the  tube  by  a  plane  reflector  iliew  the  reader  hov(  far  the  way  had 
placed  at  ah  angle  iif  4S°  with  the  axis  been  paved  for  Newton,  and  what  ad- 
of  the  tube.  At  this  aperture  they  were  vaijbes  had  beenalready  niade'in  some 
Viewed  hi  the  usual  way  through  an  eye-  of  those  theories  which  he  has  the  merit 
gls^'  of  completing;  and  on  the  other  hand 

(15.)  Ih  1665  \h6  work  6t  Frar.cis  to  shew  that  on  other  subject^  such 

Maria  Grimaldi,  aii  Italian  Jesuit,  was  as  the   unequal  refranffibility  of  light, 

published,  contiining  his  discovtry  ot  absolutely  nothing  was  known,  nor  any 

vx  inflexion  or  diJiacliortol]\g)\t   He  advaiife  made,  even  in  the  sb^  of 

ftdmiiled  a  ray  of  hght  (hrciogh  a  small  conjecture. 
bole  into  a  dailiened  chainber,  and  ob-       We  shall  proceed  in  the  next  chapter 
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to  give  the  reader,  hi  k  popular  fonb,  aa  Axiom  TV, 

■ccoiint  of  Newton's  Optics,  «  wort  lUfraction  out  of  the  rarer  medium 

which  communicated  to  the  vorld  b  j^tQ  the  denser,  is  made  towatds  the 

series  of  discoveries    of  transcendent  perpendicular ;    that  is,    so  that   the 

beautj.  and  which  would  themselves  angle  of  refraction  be  less  than  the 

have  been  sufficient  to  have  conferred  angle  of  incidence. 

imtporlaUts'  oh  the  naine  of  Newton,  , 

even  Had  he  never  vnitten  bis  Paitf-  Axiom  V, 

siPiA,  lite  sine  of  incidence  is  either  accu- 
rately or  very  nearly  m  a  given  ratio  lo 

Chaptbr  II.  the  sine  of  refraction. 

The  Compound  Naiure  of  Solar  Light  Axiom  VI. 

itMlithed  bg  Ex^ment).  Homogeneal  rays  which  flow  from 

<18.)   Befo«.  be  enters  upon  tHe  in-  «''«^--^^. ?•»"'»  "f  any  object,  and  fall 

t'?n'e".S^^°Sifa5orSS  A  -.^P"-?'  -^ff--  «'-"  ^^£ 

prinbipies  and  BiUblished  results  of  thi  ^^^    ^'"r^"    f"""  ,""    ^^"y   o  her 

Science  before  his  time.    We  have,  in  po'-ts,  or  be  parallel  to  So  many  o  her 

the  preying  chapter    enlarged  m^^^^  S'^ithrSa^l A  So^^ 

fully  on  the  subject  than  he  has  doiie  m  I;i.„„;L,l-     _  _         a  ,\,        _  \u:^    „iil 

•i..^_'.^— .  4klf  11,=  ™..^— ™=w  i...  .1,=  sensible  error     and  he  same  thing  vtiU 

the  axiomi,  that  the  reader  may  be  the    . -i  ,\.  i.       n    ,  j  ?_    .- 

;., „  .ui^  t„  .„„..„;„ta  A,.,  j;.  happen,  if  the  rays  be  reflected  or  re- 

SI'S.  °t°'h    .'Sri'^r  &  f-S  .uoo..  A  bV ...  or  .h„.  or 
vuiciics    nc   iiinc    lu   ufiKuu.      iim  ■^qj^  olane  Or  spherical  surfaces, 
proposihons  respecting  the  properties  """=!'"'""' »!"""»•""""'"-"■ 
Of  fight  which  Newton  gives  uijder  the  Axiom  VII. 
title  of  axiOTi*,  are  not  to  be  understood  Whef*v*r  the  rays,  which  cOme  from 
ma  partaking  of  the  nature  of  mathe-  sn  the  poitits  Of  any  dbject,  meet  ajjain 
matical  axioms.    Ontheconhrary,  many  in  so  many  points,  afltr  Ih^  have  been 
of  them  are  results,  not  only  of  careful  made  tb  converge  by  teflfeclioh  or  re- 
experiment,  but  of  vay  subtle  and  com-  fraclion;  thert  they  will  make  a  ptetini! 
plei  reasoning.    "  I  have,"  says  New-  of  the  object  upon  any  White  body  OM 
ton,  "  now  given,  in  axioms  and  their  which  th<7  fall, 
•xpheations,  the  sum  of  what  hath  been  .  'n^  Titt 
hillierto  treated  of  in  optics.     Forwhat  ;       ,^,    .■^■"'™''i"-    .,  , 
hath  been  generally  agreed  on.  I  con-  An  object  seen  by  reflection  or  re- 
tent  myself  to  assume,  under  the  notion  fraction,    M>pe8rs  in  that  place  from 
Of  principles,  in  order  to  what  I  have  «''«'ce  the  rays,  after  their  last  reflec 
ftiMher  to  write.    Ajid  this  may  suffice  ''o^  °'  refraction,  diverge  in  falhng  on 
tor  an  introducUon  to  readers  of  quick  ™  spectator's  eye. 
wit  and  good  undCTstanding,  not  yet  The  work  opens  with  the  announce- 
Tersed  in  optics ;  although  those  who  ment    of  the    discovety  that  lichts 
Are  already  acquainted  with  this  sciencei  which  niPtSR    In    cOlodk,    differ 
and  have  handled  glasses,  will  more  also  lit  RBt^AifbiBiLiTT, 
readily  apprehend  what  followeth."  Fot  those  readers  nho  are  not  familiar 

The  foHowing  are  the  propoutions  with  the  sciencet  we  shall  first  explain 

aunmed  by  Newton  aa  axioms : —  the  meaning  of  this  properiy,  and  next 

.    .       -  describe  the  haturb  of  the  experimenta 

AMom  1.       .     ,     ^.  ,  by  which  Newton  established  it 

The  angles  of  reflection  and  refraction  Let  8  8S»,  rtff.  S,  be  a  section  bf  any 

he  m  one  and  the  suae  i^ane  with  the  transparent  medium,  as  Water  or  glass: 

»ii^e  of  mcidence.  Let  R  be  a  tiy  of  red  light  incident  at 

Axiom  II  I|  *^<'  supposed  tb  proceed  from  some 

iTie  ahgleof  reflecUon'is  eqwd  tb  thti  V^^°'^^.-  '1  --    u!^"^..- \*"1^ 

afagle  of  incidence.              ^  *»"«   been    WmiHed    through    fed 

^                      _  glass,    in.  like  manner,  .let  B  I«  a  ray 

Axiom  III.  pf  tjtue  light  incident  at  I',  in  a  direction 

If  the  reftacted  ray  be  tnmed  direct^  B  I',  paraireHb,RI,.aiid  proceeding  i* 

lWeft(othepointofincidenbe,ltBhallb«  before  from  a  blue  object  in  that  direc- 

tefWstfcd  mto  the  Utw  befoM  tawttMd  tloK  or  tratlsniittbd.  through  blue  ^lasS. 

by  the  incident  ray.  The  angles  of  incidence  termed  by  thir 


n.j%  R  and  B,  with  the  , 
P  to  the  refractiDK  sur&oe 
Fig.y 


L  POPULAR  ACCOUNT, 

(17.)  Let  AB  C,>^.6,re{raait  ftKO< 
beequal,    tion  (^ k  tn&u^u  glui  prism  ■!  right 


becftQie  the  rays  R  and  B  are  parallel. 
On  entering  tne  medium  they  will  be 
tMth  deflected  by  the  law  of  refraetion 
towards  the  perpendiculara  p.  Let  r  be 
the  course  after  refraction  of  the  red 
ray,  and  b  the  course  after  refraction  of 
the  blue  one.  If  these  rayi  were  equally 
refrangible  they  would  be  equally  de- 
flected towards  the  perpendicular.  Such, 
however,  i»  not  the  case.  The  red  ray 
r  will  be  less  defiected  from  its  original 
direction  than  the  blue  ray  b,  and  there- 
fore the  angle  under  the  lines  randp 
will  be  lireater  than  the  angle  under  b 
and  p.  Hence,  red  light  iaiaidto  be 
leu  refrangible  than  blue  light 

We  might  expect  that  thtt  eiFeet 
would  be  easily  reduced  to  experiment 
by  colourinf;  two  sticks,  one  red,  and 
the  other  blue,  and  placing  them  paral- 
lel to  each  other,  obliquely  in  water.  In 
thii  case,  the  broken  appearance  which 
the  sticka  should  exhibit  would  be  dif- 
ferent, the  angle  formed  by  the  parts  in 
the  water  wiUi  those  in  the  air  being 
more  obtuse  in  the  red  than  in  the  blue 
stick.  It  happens,  however,  that  the 
ditPerence  Iwtween  their  deflactioni  ii 
so  small,  that,  in  this  way,  it  would  be 
Ytsey  difficult  to  render  it  perc^ible. 

To  obviate  this  inconvenience,  and 
render  the  difference  of  refractions  so 
great  as  to  be  easily  perceptible,  Newton 
contrived  that  the  difEierent  lights  should 
each  be  twice  re&acted,  so  that  being 
or^inally  parallel,  they  shotild  thus  ac- 
quire the  lum  of  tne  divergencies  «4)ich 
such  refraction  alone  would  ^e  them. 
I^iia  be  accom[diEhed  by  unng  a  glass 
prism,  in  the  manner  which  we,  shall 

*  W*  ftdTiH  ■TfliT  nuUr  whQ  hai.  But  ■««  ih* 
pritBilie  fpactivB,  War*  bi  pracMJi  fonhv,  t« 
pnm*  B  shaa,  ai  ■  codbm  unUi  t>>«>*  of 
gitm  wilh  piu*  Mm.  ud  to  truiou  Uimfh  il  % 
bw  of  Oa  ■■■'■  li|k[  adailM  Ikmnfk  u  mrtan 
iBIlHWliilnMksfMTDf  adirknoB.  TkabsiUtr 
lAikwiuhU-aiattmft^—  "——•--— —— 
«9S«W*  Will  tkastt  1 


angles  to  its  axis  (an  end  view  of  it)  A 
ray  of  red  lif^t  entering  at  I  in  the  direo- 
tioD  B  I  will,  by  the  refraction  of  the 
glass,  be  deflected  in  the  direction  r,  to- 
loardi  the  perpendiculsr  to  the  tarfaica 
B  C,  on  wluch  it  is  incident  On  meet- 
ing ihe  second  surface  B  A,  it  will  emei^, 
suffering  a  second  refraction  on  passmg 
into  the  air.  But  here,  as  it  paues  from 
g^»  into  air,  it  wilt  be  denected^vM 
the  perpendicular  to  the  surface  B  A  in 
the  direction  r*,  which  increases  still 
more  its  deviation  from  its  original  course 
R.  In  like  manner,  a  blue  ray  incident 
in  the  same  direction  at  I  will  aufier  two 
deflections  at  the  surfaces  of  the  prism ; 
but  in  each  case  will  be  more  deflected 
from  its  original  direction  R,  than  the 
red  ray.  The  deviation  of  the  blue  from 
the  red  ray,  on  emerging  from  the  sur- 
face B  A,  will  evidently  be  found,  tiy 
adding  together  the  two  deviations  at 
the  surfaces  B  C  and  B  A.  Thus,  al- 
though either  deviation  alone  might  be 
too  small  to  be  perceptible,  yet  the  sum 
of  both  will  produce  a  sensilrte  eSeet, 

(1 S.)  To  reduce  this  to  absolute  experi- 
ment, Newton  states  that  he  took  a  black 
oblong  stiff  paper,  terminated  by  parallel 
sides,  with  a  line  drawn  from  side  to 
side,  dividing  it  into  two  equal  parts. 
One  of  these  was  coloured  with  an  m- 
lense  red,  and  the  other  with  an  intense 
blut.  He  then  covered  the  wall  and 
shutters,  surrounding  the  window  of  the 
room  with  black  cloth,  lo  prevent  the 
light  reflected  from  them  from  interfer- 
ing with  his  experiment  On  a  table 
before  the  window,  also  covered  with 
black,  he  placed  the  colouMd  paper,  the 
line  dividing  the  colO'iri  being  pcmndi- 
cular  to  the  plane  of  (he  window.  Thtnga 
being  thus  arranged,  he  hekl  the  prism, 
with  its  angle  B.jig.  7,  upwards,  so  that 
the  lieht  coming  from  the  paper  RB 
should  be  twice  refracted  beTore  it  reach' 
ed  the  eye  placed  behind  the  prism,  aa 
represented  in  the  cut  Upon  viewing 
the  a "- ■-  "- '■—   '-- 
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fed  htit,  which  iJunlj  prored  that  tlie  opon  (he  light  The  gntier  Uut  refrsct- 
nya  from  the  blue  half  were  more  de-  iiig  power,  other  thin^  being  the  mine, 
fleeted  from  their  original  direction  than  the  Bearer  to  the  lens  will  be  the  focm 
those  of  the  red  h^  Had  the  rays  been  into  which  the  rays  are  collected.  Itwaa 
equally  refrangible,  the  parts  of  the  abo  well  known  that  the  place  of  the 
paper  would  have  maintained  the  same  focus  might  always  be  detected  bv  the 
relative  position,  althouf^  the  place  of  presence  of  an  iinue  of  an  object  placed 
Qie  entire  paper  would  appear  to  be  before  the  lens.  We  have  already  stated 
oWraled.  (p.  8),  that  a  certain  decree  of  indis- 

Fig,  7.  tinctnesi  will  attend  this  miage,  when 

-~  the  lens  is  spherical-  but  still  a  certain 

Eint  of  greatest  distinctness  will  always 
found,  which  maybe  regarded  as  the 
place  of  the  focus,  were  all  spherical 
aberration  remored.    Now,  if  it  be  true 
that  light  of  different  colours  is  differ- 
ently retrangible.  and  that  according  to 
the  result  of  the  experiments  already 
described,  red  tight  is  less  refrangible 
In  order  to  confirm  the  conclusion    than  blue  light,  it  would  follow  that  the 
deduced  from  this  experiment,  Newton    images  of  red  and  blue  objects,  formed 
viewed  the  aame  paper  with  the  refract-    by  (he  same  lens,  ought  to  be  found  at 
nig  an^e  B,  fig.  S,  of  the  prism  pt«-    different  distances  from  it. 
sented  downwards.    He  found,  as  he        To  apply  this  test  to  the  coloured 
expected,  that  the  blue  half  of  the  paper    paper  already  mentioned,  Newton  wrap, 
wax  lower  than  the  red,  being  more  de-    ped  round  it  an  extremely  fine  thread 
pressed,  owing  to  the  greater,  refraction    of  black  silk,  so  as  to  form  fine  black 
Lnes  upon  the  red  and  blue  ground,  as 
represented  i-'ofig.  9;  where,  for  distinc- 
tion, the  black  lines  are  parallel  on  the 
red,  and  cross  each  other  on  the  blue. 
He  covered  the  wall  of  a  dark  chamb^ 
with  black  cloth,  and  attached  to  it  Iho 
coloured  paper,  with  the  silk       J^.  9.  , 
thread  wound  round  it,  as 
hi  the  fi^re.    Immediately 
under  this  he  placed  a  light, 
so  as  to  illuminate  the  paper 
(19.)HeDowdetermined(osubmitthe    thoroughly,  the  flame  not 
qnestioti  to  a  diSbrent  test.    It  was  pre-    rising  above  its  lower  ter- 
fiously  known  that  the  position  of  the    mination  ;     and,    therefore, 
focus,  in  which  rays  from  any  luminous    not  intereepting  any  of  the 
olgect  are  collected  by  a  lens,  depended    light  reflected  from  it.    He 
on  the  refracting  power  o(  the  glass    then  placed  a  double  convex  lens  M  N, 
Fig.  10. 


of  the  rays. 


Fig- 8- 


"^ 


Ar>l*>ofaboat((nirinciinandaqQar-    from  the  paper.  The  image  of  the  papar 


jtt  i£out  six  feet  two  inctwB    vras  received  upon  a  white  screra,  at  Um 


,K>gk 


A  PePULAJl  ACCqUMT 


14 

Bvaa  (lutance  b^od  the  lent-    Thi| 
screen  was  slowly  moved  to  and  from 
the  lens,  until  that  positioQ  rr  vr^  ob- 
tained, in  which  the  olack  lines  upon  red 
were  seen  with  the  greatest  distinctaesa 
Bcreeiil 
the  teil 
becarue 
3  boiin- 
Ihia  pi>- 
parl  of 
».  and 
screen 
he  lena. 
ed  part 
e  those 

zi  when 
the  screen  was  removed  an  inch  and  a 
half  nearer  (o  the  lens,  as  the  lines  on 
the  red  had  been  in  the  first  position ; 
while,  on  the  other  hand,  the  lines  upon 
the  red  part  were  scarcely  observable. 
The  conclusion  was  irresistible ;  the 
same  lens  placed  at  the  same  distance 
from  red  and  blue  surfaces  illuminated 
by  the  same  candle,  broudit  the  rays 
from  the  one  surface  to  a  focus  nearer 
than  those  from  the  other ;  and,  there- 
fore, had  a  greater  refracting  power  on 
the  blue  rays  than  on  the  red ;  which 
conclusion  harmonized  exactly  with  the 
results  of  the  prismatic  experiments  pre- 
viously instituted. 

(20.)  Notwithstanding  the  very  con- 
dusive  nature  of  these  experiments, 
Newton  reasons  from  them  with  a  de- 
gree of  caution  and  circumspection  truly 
philosophical.  "  From  these  experi- 
ments," he  says,  "  it  follows  not  lliat 
all  the  light  of  the  blue  is  more  refran- 


beuns  of  white  Ugbt,  ahicb  «^.  Um 

means  at  rendering  all  coloured  object^ 
visible,  and  of  causing  them  to  tr^nsm'ii 
the  coloured  ^ight  wKch  emerges  from 
them. 

(21.)  If  »  ri^  of  ligbt,  direct  from  the 
auh,  be  admitted  through  &  $maU  aper- 
ture A, j^.  1 1 ,  i|]  the  vindflWr^butlei:  o; 
pig.  11. 


ently  refrangible,  so  that  in  the  red  there 
are  some  rays  not  less  refrangible  than 
in  the  blue,  and  in  the  blue  there  are 
some  rays  not  more  refrangible  than  in 
the  red ;  but  these  rays,  in  proportion  to 
the  whole  light,  are  but  few,  and  serve 
to  diminish  the  event  of  the  experiment, 
but  are  not  able  to  destroy  it :  for  if  the 
red  and  the  blue  coluurs  were  more 
dilute  and  weak,  the  distance  of  the 
images  would  be  less  than  an  inch  and 
an  half;  and  if  they  were  more  intense 
and  full,  that  image  would  be  greater,  aa 
will  appear  hereafler," 

These  experimenls  vrere  conclusive 
respecting  li<;ht  which  proceeded  from 
the  colours  of  natural  bodies.  But  it 
still  remained  to  analyze  the  direct  solar 
light,  and  to  determine  the  nature  of  the 


a  dwk  chamber,  a  urcular  image  of  Iho 
sun  will  be  formed  by  the  rays  admitted 
through  the  hole,  and  may  be  received 
upon  a  paper  screen,  as  at  S  S'.  We 
snail,  for  the  present,  suppose  the  hole 
to  be  so  small,  that  its  diameter  may  be 
neglected,  and  it  may  Ik  regarded  as  a 
physical  point.  The  rays  which  proceed 
from  the  several  points  of  the  sun's 
disc  entering  the  aperture  A,  cross 
each  other,  and  that  from  the  highest 
point  proceeds  to  8'  the  lowest  point 
of  the  image,  while  that  from  the 
lowest  proceeds  to  8  the  highest  point 
of  the  image.  In  like  manner  the  ray 
from  the  right-hand  side  of  the  sun 
proceeds  to  Ihe  left-hand  side  of  the 
image,  and  that  from  the  left-hand  side 
to  (he  right-hand  side  of  the  image.  In 
ihe  same  tray  every  point  of  the  sun's 
disc  is  referred  to  that  point  of  the  image 
diametrically  opposite  in  position.  The 
image  is  therefore  inverted  in  whatever 
way  it  be  considered  with  reference  to 
the  sun. 

The  magnitude  of  the  image,  or  illu- 
minated spot,  on  the  screen,  evidently 
depends  on  the  distance  of  the  screen 
from  the  aperture  A,  increasing  as  that 
distance  increases  ;  and  the  diameter  of 
this  image  subtends  at  the  hole  A  Ihe 
same  angle  as  the  sun  subtends  at  it,  or 
as  the  apparent  diameter  of  the  sun. 

"We  have  here  supposed  that  the  hole 
has  no  sensible  magnitude,  nr  is  a  phy- 
sical point.  Ifthi3t)e  not  the  case,  and, 
on  the  other  hand,  the  aperture  have  a 
sensible  diameter,  all  that  we  have  above 
stated  will  be  true  of  eveiy  separate 
point  in  it;  so  that  there  will  be  innu- 
merable images  of  the  sun ;  Ihe  centres 
ot  which  will  be  diffused  over  a  space 
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npon  the  aereen  equal  to  the  aiie  and  Ihim  ttioae  towardi  the  end  JL    Fig.lA. 

inajw  qf  tlie  aperlute:   "At  present  we  From  this   Newton  infetred, 

will  consider  the  aperture  qirciilar.    To  (hat  of  the  light  mhiph  passed 

find,  then,'  the  raagnitade  of  (he  iiluini'  through  the  prism,  some 


I,  and  apfne  less  Refracted, 
those  rays  which  passed  16^ 
■wards  the  highest  points,  V, 
being  nibrp  refracted  than 
those  nhich  passed  toward^ 
the  lowest  points  B- 

The  oblong  form  given  to  the 
Qluminated  part  of  the  screen, 
Was  not  '  the  most  curious 
or  sui^rising  effect  produced 
bj  the  prism.  This  image  or 
spectrum  exhibited  the  most  beautiful  s 


natedsppi  upohthe'screen,  first  describe 
a  circle  ^  B,  J?g-.  la.  viihose  diaineter  i 
equal  to  that   of  the         a     >n 
hole.  Then,  kddingfe         ■*••  ''' 
the  radiuf  of  this  cir- 
cle 4nother  line,  A  C, 
whose  length  ip  sug)i 
as  would  subtend  af 
tiae    bole    an    angle 
e^iial  to  the  sun's  ie- 
nndiameter,  with  the 

whole    distance"  OC  _^  

describe  a  circle.  This  circle  "wUl  be  the  nes  ofcolours,  each  depicted  on  the  screen 
magnitude  of  the  illuminaled  spot  on  with  a  degree  of  splendour  and  inten- 
the  screen.  sily  far  exceeding  those  of  the  colours  of 

(22.)  Instead  of  allowing  the  beam  of  any  natural  object.  Beside  tliese  the  most 
light  to  pass  directly  from  the  aperture  Ijrilliant  colour  which  nature  presents, 
to  the  screen,  let  it  pe  intercepted  by  a  or  the  most  refined  efforts  of  art  could 
prism  ABC  near  the  hole,  with  its  re-  exhibit,  would  seem  faded  and  dim.  The 
fracling  angle  B  presenteii  doiinwariis.  lower  extremity,  H,  exhibited  the  most 
The  refraction  by  the  surfaces  of  this     dazzling  red,  and  above  this,  in  regular 

Eism  might  be  expected  to  deflect  the  succession,  were  ranged  the  colours, 
am  from  its  original  course,  and  raise  orange,  yellau!,  green,  blue,  and  indigo, 
it  to  an  higher  position,  as  represented  the  upper  termination,  V,  being  motel. 
in  J!g.  13.  Tht  part  of  the  screen  on  These  colours  were  not  separated  b" 
distinct  hmits,  but  thetinti  ' 


Fig.  13. 


which  the  relrafted  ray  falls,  in,  accord- 
ingly, elevated  by  (he  ^^1  ol  the 


I 

imperceptibly  one  into  another,  it  lieing 
impossible  to  determine  exactly  where 
any  one  ended  and  the  next  liegan.  Thus 
the  red  was  Unled  off  insensibly  into  the 
orange,  the  orange  into  the  yellow,  and 
soon. 

From  these  observations,  it  is  appa- 
rent that  the  red  light,  and  all  that  por- 
tion of  light  which  partook  of  this  cha- 
racter, being  deflected  to  the  lower  part 
of  the  spectrum,  is  less  refracted  than 
the  blue  light,  and  those  colours  of  (he 
Bame  class  which  are  refracted  to  the 
upper  part  It  would  therefore  seem  to 
obvious  inference,  that  the  solar 


but  Ibis  is  not  the  only  effect  profluced'.  beam  incident  on  the  prisi 

The  breadth  of  (his  tpeclram,  as  it  is  ture  of  different  hinds  of  light;  that  the 
caljed,  is  exactly  eijual  to  the  diameter  prism  acting  on  the  component  parts  re- 
of  the  illuminated  spot  which  would  be  fracted  some  of  them  in  a  greater,  some 
projected  on  the  screen,  if  the  priain  )n  a  less  d^ree ;  those  partaking  of  the 
were  removed.  But,  instead  of  a  cir-  blue  character  being  more  refracted  than 
cular  image  being  projected  on  the  those  of  the  red  kmd.  This  inference 
screen,  the  illummated  part  assumes  seems  also  to  harmooizewiththeformer 
an  oblong  form,  such  as  HV,  ^.  14.  experiments  made  upon  coloured  bodies 
The  sides  are  straight,  and  Ihe  ends  (18,  19),  whereby  it  was  proved  that 
semicircular — the  length  being  perpendi-  red  light  is  less  re^angible  than  blue, 
cular  to  the  axis  of  the  prism.  (23.)  Newton  repealed  the  preceding 
It  appears,  therefore,  that  of  the  rays  experiment  in  anotlier  way.  The  prism 
which  pass  throu^  the  prism,  some  are  being  placed  as  before,  at  the  aperture 
refracleil  to  a  higher  part  of  the  screen  in  the  window  shutler,he  placed  his  eye 
than  others,  those  toward  the  end  V  behindit,  soastoreemvetheraysemerg- 
being  more  elevated  tiy  the  refraction  iog  afiec  the  second  refraction  from  tM 
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prinn.  In  Ihlacasethe  eye  supplied  the 
pUce  oFthe  screen  in  the  former  experi- 
ment, the  rays  which  formed  the  spec- 
trum entering  the  pupil  as  they  emerged 
from  the  prism.  He  found  the  same 
efltecta  to  ensue.  He  beheld  the  oblong 
spectrum  as  before,  the  order  of  the 
colours  being  in  all  respects  the  same. 

(24.)  It  appears  by  the  eneriment 
wWch  we  have  described  that  the  action 
of  the  prism  was  such  as  to  dilate  the 
ray  in  a  direction  Rt  right  angles  to  its 
length,  and  thereby  to  give  the  spectrum 
the  oblong  form.  Now  if  this  dilatation 
was  the  consequence  of  the  action  of  the 
material  of  the  prism,  end  not  of  the 
various  refrangibmty  of  the  component 
parts  of  solar  light,  it  must  inevitably 
follow  that  a  second  prism  placed  with 
its  length  vertical,  and  consequently  at 
right  nngtes  to  the  first,  so  as  to  refract 
the  light  sideways,  would  dilate  the  ray 
as  much  in  the  horizonlal  direction  as 
the  first  did  in  the  vertical.  The  infer- 
ence from  this  would  neoessarily  be,  that 
thecombined  action  of  two  prisms  would 
be  to  give  a  square  spectrum,  as  much 
Imgth  beins  obtained  bv  the  action  of 
the  one,  as  iireadth  by  toe  action  of  the 
other. 

Accordingly  Newton  tried  this  expe- 
riment. Let  R  V.JIg.  IS,  be  the  spec- 
trum produced  by  the 
first  prism.  He  placed 
another  prism  with  its 
length  vertical,  and 
consequently  at  right 
angles  to  the  first,  and 
when  the  rays  were  in- 
tercepted by  it,  the  ef- 
fect was,  that  instead  ^ 
of  the  spectrum,  VR,  "^ 
being  spread  over  a  square  surface,  it 
retained  its  Iireadth,  but  was  transferred 
to  the  position  V'R', 

This  result  furnished  a  most  convinc- 
ing and  beautiful  confirmation  of  the 
theory  of  Newtoa     The  rays  at  the 

Fig. 


upper  end  of  the  ipectram  were  deSected 
by  the  second  pnim,  through  the  dia- 
tances  A  B,  fhnn  their  former  position, 
while  the  rays  at  the  lower  end  were 
only  deflected  through  the  smaller  spaces 
a  b.  The  breadth  of  the  spectrum  re- 
mained unaltered,  plainly  shewing  thvt 
the  second  prism  had  no  power  to  dilate 
the  rays  wnich  formed  it  Tbe  rayi 
which  were  most  refracted  by  the  first 
prism,  were  those  of  the  blueish  charac- 
ter, which  occupied  the  upper  part  of 
the  spectrum.  These  same  rays  were 
also  most  refracted  by  the  second  prism, 
being  most  removed  from  their  first  po- 
sition (through  the  spaces  A  B).  Also 
the  rays  which  were  least  refracted  by 
thefirst  prism,  were  those  of  the  reddish 
character  which  occupied  the  lower  part 
of  the  spectrum;  and  these  also  are  least 
refracted  by  the  second  prism,  being 
those  which  are  least  removed  from  their 
places  through  the  distances  a  b. 

To  put  this  question  even  raore  beyond 
dispute,  Newton  received  the  rays  from 
the  second  prism  on  a  third,  plaorf  with 
its  length  parallel  to  the  length  of  the 
spectrum,  and  found  the  same  eflect  re- 
peated, the  third  position  of  the  spec- 
trum tieing  inclined  to  the  second  in  the 
same  manner  as  the  second  was  inclined 
to  the  first,  but  no  dilatation  taking 
plare,  and  the  breadth  of  the  spectrum 
remaining  the  same.  He  states  that  he 
used  a  fourth  prism  with  the  same  re- 
sult. 

It  is  important  to  remember  that  in  aU 
these  experiments  the  light  is  all  inci- 
dent on  each  prism  at  the  tame  angle. 
For  ifits  parts  fell  upon  the  surface  at 
different  angles,  different  quantities  of 
refraction  would  be  the  natiu^  and  ne- 
cegsary  result. 

(25.)  Newton  oonhrivedavery  elegant 
experiment  to  shew  the  regularity  with 
which  the  prisms  determined  the  magni- 
tude, figure,  and  position  ofthe  spectrum. 
Before  two  small  apertures  F,/,  ;%■■  16. 


A-\ 


in  the  window  shulter  he  plaeed  two 
■ioiiiar  prisms  A  B  C,  a  i  c,  tne  one  im- 


me^fttely  beneath  the  other,  with  their 
leogths.paraUel  and  horiiontaL    Tbes« 


OV  NKWTON'S  OtllOS.  ,; 

lae  two  spectrum,  wre  immediately    ceived  upon  a  piismABc,  placed  Wm 
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ttie  ipertm^  Tie  spednun  produced 
hy  the  refraction  of  thia  prism  was  re- 
ceived upon  a  screen  perforated  by  a 
smali  hole  C.  The  several  coloured 
lights  of  the  spectrum  being  diffused 
over  a  considerable  space  upon  the 
screen,  and  the  s^>erture  ff  being  small, 
the  light  of  but  one  colour  passed 
through  if,  while  the  prism  ABC  re- 
mains stationaiy;  but  when  this  prism 
was  slowly  turned  round  its  aiis,  the 
•pectmm  moved  upwards  and  down- 
wards on  the  screen,  so  as  to  transmit 
in  succession  the  lights  of  the  several 
colours  through  the  aperture  C,  At  a 
distance  of  about  twelve  feet  from  this 
screen  another  was  placed,  having,  in  like 
manner,  a  small  aperture  0".  The  lieam 
of  coIoui«d  light  transmitted  through  the 
aperture  C  was  received  upon  the  se- 
cond screen,  diffiising  itself  over  a  space 
of  some  magnitude.  A  small  ray  of 
this  light  passii^  through  the  aperture 
O"  was  received  upon  a  prism  A  ff  C 
placed  immediately  behind  it,  and  by  this 
prism  was  refracted  to  a  certain  point 
upon  the  opposite  walL 

The  prism  A'B'C  remaining  fixed, 
theprtsmABC  WBstumed  until  the  red 
end  of  the  spectrum  fell  upon  the  hole 


!  refracted  by  the 
r; —  .^  „  „  „  ^,^  point  R  on  the  wall. 
This  point  was  marked.  By  a  slight 
motion  of  the  piism  A  B  C,  Uie  oranga 
B^t  was  nert  brought  upon  C,  and  a 


ray  of  it  passmginthe  direction  (VO" 
fell  upon  the  prism  at  the  same  angle  as 
the  red  light  had  before  been  inSdent 
This  oraiwe  ray  was  refracted  by  tha 
pnsm  A'  B*  C  to  a  point  O  on  the  waU 
ft  httle  above  the  point  R  to  whidh  the 
red  had  been  brought  The  y^low, 
green,  blue,  indigo,  and  violet  rays  were 
m  succession  transmitted  in  the  same 
way  to  the  prism  A'B'  C,  aU  being  in- 
cident upon  it  at  the  same  angle,  and 
they  were  severally  found  to  be  refrroted 
to  the  points  Y,  G,  B,  I,  and  V,  Thus 
It  appeared  that  the  several  coloured 
lights  m(o  which  the  sun-beam  was  re- 
solved by  the  prism  ABC  were,  under 
the  same  circumstances,  differently  re- 
fracted by  the  prism  A'  B  'C,  each  light 
being  refracted  the  more,  the  nearw^iti 
situation  to  the  violet  end  of  the  specfrum. 
The  conclusiveness  of  this  result 
would  have  satisfied  an  ordinary  in- 
quner,  and  it  would  have  immediately 
been  made  the  basis  of  a  theory.  The 
ardour  of  discovery  was,  however,  m 
Nevrton  tempered  l^  philosophical  cir^ 
cumspection,  and  in  the  unwearied 
patience  of  his  research,  he  left  untried 
nothmg  which  could  put  Wa  hypothess 
totheproof,  andorertumitiffifae.  In 
the  records  of  sdentifto  discovery  there 
IS  not  a  more  splendid  instance  of  an 
investigation  in  which  theory  and  ex~ 
penmeot  mutually  guide  and  support 
Mch  other.  In  the  first  experiments. 
nentoQ  found  that  the  colound  liidita     i 
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nQfctn}  from  tht  Kuftm  (rf  iia^unl       In  tb»  a^niount,  bf  tDRnng  ona  of 

bodies  were  differently  re&aiwible ;  and  thepnsiaiiipoait*axu.  bevrueDibled 

Fubsequentlf  h^  shewe^  Ibatuie  bolouii  to  iUtuninate  one  half  of  Qit  tfaieid 

wotlifaed  by  the  refraction  oft)  sunbeun  fUQiKuiTelr  with   the  vtoiet,  iaJiga, 

by    fi  prism  were  also  di^entlr  re-  Hue,  grem,  and  Uw  otter  pristnttio  cc 

^ngible,  and  tfiat  the  cploifis  whict)*  Ipun.   vhil«  th«    other  prism,  maio- 

feflected  fccm  patural  bodies,  were  most  taioitIK  ^  positioa  fiODftaQdv  illuniiiiated 

Mfrai%ib(e  »rere  al«o  pie  colours  mosl  the  ofiw  hall  of  the  thread  with  rtd 

tefrangible  ip  the  refracted  solar  Ijgbt.  kgliL    Upon  viawiiig  these  pbenomeiu 

But  in  order,  u  it  were,  to  idenfiff  the  mocesiiTa*  with  athiid  prism,  he  fonod 

two  ezpenments  oo  natural  oolours  fuid  ttat  in  eaw  ease  the  parts  of  tiie  thread 

cotoored  light,  he  inttituted  the  fbUowing  Ruminated  with  laghts  of  different  co-    , 

experiment  lours  were  separated,  bnt  the  separation 

(2^)  Br  means  t^two  prisms,  as  de-  was  greatest  between  the  rad  and  violet, 

scribed  in  (2S).  he  projected  two  spec-  kag  between  the  red  and  in<^o,  still  htta 

trunu  on  the  wall,  so  as  to  be  placed  between  the  red  and  blue,  and  so  on, 

end  to  end  in  the  same  direction,  and  being  very  small  between  the  red  and 

BO  that  the  Tidlet  end  of  the  one  joined  oraug<e.    But  when  both  paris  of  the 

the  red  end  of  tte  other.    At  some  db-  thread  were  illuminated  with  tte  reda  of 

tance  from  the  wall  he  placed  a  ilender  the  two  spectra,  the  thread  appeared  no 

piece  of  white  paper,  with  strught  and  longer  broken.    It  is  ^parcely  necessary 

paraUel  edges,  and  so  arranged  that  the  to  obnrre,  that  all  tiiese  phenomena 

redh^tK,yF^.I8,oftheoneBpectrum  were  such  as  must  have  been  easily 

~  fin-eMen  from  the  supposed  unequal  re- 
frfuigibility  of  different^  coloutfd  lights, 
Net^n  might  have  carried  this  expe- 
riment (iirlher,  and  probably  he  did  so^ 
aithou^  he  has  nin  particularly  men- 

diould  illumine  one  half  of  the  paper,  tioned  it    He  might  have  thrown  on 

i»liile  the  violet  light,  V.  of  the  other  the  thread  every  possible  distinct  pair 

spectrum   illumuiated  the  other   half,  of  the  prismatic  colours,  by  moving  both 

^le  paper  thus  appeared  of  two  colouTTj,  prisms  on  their  axis,    and  tte  result 

red  and  violet,  similar  to  the  painted  would  l)e  that  tte  apparent  separation 

paper  used  in  the  experiment  described  ot  the  parts  of  the  thread,  when  viewed 

^  (18).    The  remaining  lights  of  each  through    the  prism,  would  have  been 

^>ectrum  passing  beyond  tte  paper  tell  great  in  proportion  to  tte  distance  ba- 

upon  tte  wall,  which  was  hung  witt  tween  the  two  colours  ia  tte  sjjectrum. 
bUck,  in  order  ttat  light  reflected  from       (26.)  All  thoie  e^)erimenls  instituted 

it  might  not  disturb  the  experiment    It  by  Newton,  in  which  tte  refracted  light 

is  evident  ttat  this    arrangement  was  was  received  upon  a  screen,  were  re' 

such  IS  to  place  the  coloured  light  pro-  peated  wttt  the  same  success,  the  light 

duced  by  ttie  refraction  of  tte  priam  being  admitted  immedialely  to  the  eye 

exactly  under  tte  same  circumstances  irom    the  prism,  wittout  the  use  of 

as  the  light  refiected  by  the  colours  of  tte  screen.    Thus  tte  experiment  (25) 

natural  bodies  in  the  experiment  already  in  which  tta  two  spectra,  lying  in  tte 

alluded  to.    Accordingly  Newton  viewed  same  line,  were  refracted  by  the  prisma 

the  illuminated  paper  through  a  prism  to  parallel  lines,  was  repeated  ttus.  The 

held  parallel  to  if,  as  in  ttat  eiperiroent,  sfiectra  were  viewed  ttrough  a  prism 

and  found  exactly  tte  same  result,  vie.  vrittout  disturbing  the  Bcreen,  and  tteir 

that  tte  violet  half  was  separated  from  apparent  position,  as  seen  tluvugh  tte 

tte  red  by  a  greater  refraction,  so  ttat  prism,  was  found  to  be  the  same  as  when 

tte  parts  of  tte  paper,  instead  of  forming  refracted  by  tte  third  ptism,  and  received 

one  straight  band,  were  now  separated  upon  the  screen. 
bum  one  anothe;',  but  placed  in  parallel       TwoprismsASC,  A'B'C,^,  19,were 

directioDB.    Instead  of  using  a  band  of  also  plu^d  at  apertures  in  tte  window- 

peper.he  sometimes  used  a  white  thread,  shutter,  tte  refracting  angle  of  onet>eing 

one  half  of  which  he  placed  in  tte  viole^  directed  upwards,  a^  ttat  of  tbe  other 

and  the  otter  in  the  red  light,  and  ob-  downwards.    The  spectra  produced  by 

lerved    tbe    same   effect,    the   thread  these  prisms  were  Doth  in  an  upright 

appearing  to  be  broken,  and  one  half  of  position;  but  had  the  colours  arranged 

it  moved  out  of  its  place,  but  parallel  to  m  an  opposite  order,  the  red  end  being 

Jtt  former  position.  the  higher  in  the  oae,  and.  the  lower  in 
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fiwother.    OMoCtlttpiuiiuwuilawly    Bpectruin  producad  hj  theother.    Hie 

turnad  an  its  ui(,  until  the  ipectrum    two  ipectra  thus  appeared  to  form  one, 

prodttced  by  it  wu  Uuown  i4K>a  tha    Tttucb,iaits  colours,  differed&omeither 

Fig.  1). 


of  them,  the  red  of  theone being  mixed 
with  the  violet  of  the  other,  the  orange 
with  the  indigo,  wid  ao  on.  Thii  mixed 
niectrum  was  now  ■viewed  through  a 
third  prinOf  held  ai  represented  in  the 
figure.  The  efiectwiiich  ensued  was,  tlie 
separation  of  the  spectra,  wtiich  assumed 
the  croM  positiaa  ibewn  in  the  figure. 
This  experiment  is  another  variety  of 
that  which  we  last  described ;  the  in- 
clined position!  assumed  b;  the  spectra, 
with  reaped  to  their  first  position,  waa 
explain^  in  (24)  to  arise  tmia  the 
diJRrent  refrangibilitiea  of  the  rays. 
In  the  present  ^perimeot,  this  inoiined 
position  is  ^ven  at  the  same  time  to  two 
q^ectra.  The  inolinations  are  in  (^tpoeite 
directiona  with  respect  to  the  fim  po- 
■itioD,  because  ttw  li^Ua  which  form  the 
(pectra  aredispoaeduianoppoutaordBr. 
(!9.)  The  foliowing  expomient,  men- 
tioned by  Newton,  ia  another  beautiful 
example  of  the  analysis  of  mixed  lights. 
A  circular  piece  of  white  paper  A,  about 
one  inch  in  diameter,  was  placed  before 
a  black  wall,  and  uain^  the  two  prisms 
mentioned  in  the  last  experiment,  the 
paper  A,  fig.  30,  was  iDummated  at 
thesametimewiththeredlight  Ko-  30 
fix)m  the  one,  and  adeep  violet 
lii^ht  from  the  other.  By  tlii 
mixture  the  paper  assumed  1 
rich  purple  colour.  The  circle 
A  was  then  viewed  through 
a  prism  at  some  distance,  ' 
ihe  appearance  exhibited 
tvfo  circles,  R  and  V,  the 
cle  R,  nearer  to  the  paper 
being  red,  and  the  more  re* 
mole  one.  V,  vioUL  The  prism 
in  this  case  refracted  the  red 
and  violet  light,  mingled  in 
the  circle  A,  Uirough  Afferent 
Ugkt ;  the  red  being  least : 
fiwigible  was  removed  to  . 
and  the  more  refrangible  vio- 
kt  light  cftfiied  lo  fur  u  Tt  j 


i© 

1 

paper    ^ — ' 

prism 

[»1  in 

Afferent . 

east  re-  f \ 

1  to  H.  I  V  J 
Jdevio-  ^ — ' 


To  confirm  this,  the  apertures  befors 
the  prisms,  which  cast  the  red  and  violet 
lights  on  A,  were  in  turns  covered,  so  ai 


Dished,  plainly  proving  that  all  the  light 
of  R  came  irom  the  prism  which  cast 
tha  red  light  on  A,  and  that  all  the  light 
of  V  came  &om  the  prism  which  cast 
the  violet  light  on  A. 

a'  tumbg  one  of  the  prisma  at  the 
DW  upon  its  axis,  the  circle  A  was 
BUocessively  illuminated  with  all  the  pris- 
malic  lights,  while  the  other  prism,  being 
stationary,  constants  projected  on  it  an 
iptense  red  hght.  The  efiect  produced 
to  an  eye  viewing  these  changes  through 
the  third  prism  was,  that  the  circle  V 
changed  its  colour  according  to  the 
change  in  the  light  u»ed  wi%  the  red 
upon  A.  But  the  change  of  colour  was 
not  the  only  alteration  observed  in  V. 
Its  ptnition  was  also  changed.  When 
the  blue  light  was  mixed  with  the  red, 
it  appeared  nearer  to  H.  Still  nearer 
when  green  was  mixed  with  red  on  A. 
In  a  word,  the  circles  R  and  V  always 
ex)iibited  the  colours  mixed  upon  A, 
and  their  separation  from  A  and  from 
each  other  alwavs  corresponded  to  the 
separation  of  the  prismatic  spectrum 
from  the  direct  course  of  the  light,  and 
to  the  separation  of  the  two  lights  in  the 
spectrum  from  each  other. 

From  all  these  experiments  no  doubt 
could  remain  that  lights  which  differed 
in  colov  differed  also  in  reh'angibilily. 
One  test  more  however  remained,  ana- 
logous to  that  which  was  applied  to 
the  colours  of  natural  objects  in  (19). 
If  the  difference  of  refrangibillty  he  ad- 
mitted, it  will  necessarily  follow  that  Ihe 
same  deuUe  convex  lens  will  have  dif- 
ferent foci  for  difiarently  coloured  lights, 
the  focut  of  the  more  refrangible  Ught 
being  nearer  to  t)ie  leni  than  that  of  Uw 


Fig.  21. 
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lets  refrtnzible.    Thas  if  ihe  tens  be  conse<{uence  respecting  its  reflexiiinliijr. 

expoied  to  ft  beam  of  violet  light  pro-  which  Newton  euilyforeMw,  and  from 

ceeding  from  a  given  object,  and  col-  whioh  he  derived  another  beautiful  test 

lecti  that  li^t  to  a  focus  at  a  certun  to  e«t^)li«h  the  truth  of  his  theoir.    To 

point,  it  should  collect  red  light  to  a  render  this  intelligible  to  those  who  are 

focus  at  a  more  distant  point,  and  the  not  familiar  with  optical  investintioni, 

Ughts  of  intermediate  colour  to  ponta  we  must  here  be  pennitted  a  toart  di- 

b^ween  these  extreme  limiti.  giession. 

(30.)  bi  M^er  to  reduce  the  doctrine        It  will  be  lecollected  that  long  before 

to  this  test,  Newton  cast  a  sbtir^  red  ttie  time  of  Newton,  it  waa  known  that 

light,  I7  means  of  a  prism,  upon  the  the  deflection  of  a  ray  of  light,  in  pass- 

page  of  an  open  book  m  a  dark  room,  ing  from  a  denser  into  a  rarer  trans- 

At  a  certain  ^stance  from  tlie  book  parent  medium,  waiyhm  the  peipendi- 

thuf  iHominated,  be  placed  a  double  cular.    Thus,  let  A,  ^,  21,  beau-,  and 
convex  lens,  bo  as  to  give  an  image  of  '^'''  "' 

the  book  at  its  focua  ;  this  image  was 
received  upon  a  aheet  of  white  paper 
>erly  phced  behind  the  lens.  The 
:  and  the  lens  being  fixed  in  their 
respective  positions,  the  paper  was 
moved  until  that  situation  was  found  in 
which  the  image  of  the  page  and  its 
letters  were  most  distinctly  depicted  on  '  ■" 

the  paper.    This  position  was  of  course  ^  P*»».  "nd  let  P I  be  a  ray  incident  on 

the  focus  to  which  the  red  light  re-  the  surikce  S  8,  which  separates  the  sir 

fleeted  from  the  book  was  oollected  by  fro""  fie  ^aas.    Let  M  M'  be  the  per- 

the  lens.    The  prism  in  this  experiment  pendicular  at  the  point  of  incidence  I. 

was  so  placed,  that  as  the  sun  moved  B™ce  air  is  less  dense  or  heavy  Ihan 

in  the  heavens,    the    several  coloured  gIass,therftyPI,  instead  of  pereevering 

hghts  of  the  spectrum  were  successively  ">  the  direction  P  I,  will  take  a  direction 

cast  upon  the  book,  without  disturbing  further  from  the    perpendicular  I  M', 

either  its  place  or  those  of  the  prism  s"ch  as  I P*.  This  fact  was  long  known, 

or  the  tens.    Tlie  position  of  the  book  The  law  o(  this  deflection,  as  discovered 

was  ascertained  in  which  the  letter*  «p-  by  Snellius,  has  l»en  ah-eady  expluned ; 

peaied  most  distinct,  and  it  was  found  ""^  >'  '"^.y  be  exptainni  under  another 

S»t  as  the  Bocceesve  priamatic  lights,  poi"'  of  view,  as  follows  :— 
ini^nlaroid«rfrompeatot>u>M,pa«Md       Round  the  point  of  incidence  I,  yfg-. 

over  (he  book,  Uie  |d«ce  of  greatest  ^^  describe  a  code  in  a  perpendicular 
distinctness   mdniiUjr  mroacned  the  "~  "" 

leoa,  so  that  Ue  fiiD  violet  oght  required 
for  distinctness  that  the  book  should  be 
two  inches  and  an  half  nearer  to  the 
lens  than  for  the  red  lif^t 

In  this  experiment  it  was  necessary  to 
render  the  cnamt>er  extremely  dark,  in 
orderto  prevent  the  pure  prismatic  light 
cut  upon  the  book  from  l>«ng  diluted 
by  die  white  light  which  might  be  scat- 
tered alxiut  the  room.  In  proportion  as 
this  adventitions  light  waa  admitted,  it  plane.  Let  PI  be  the  incident  ray  in 
was  found  that  the  distance  between  the  the  denser  medium,  and  I^I  the  re- 
extreme  fbd  became  less.  And  this  is  fraded  ray  in  the  rarer  medium.  Draw 
pUnly  the  re»on  wliy  the  distance  be-  P  M,  F  M'  perpendicular  to  the  surface 
iween  the  extreme  foci  of  prismatic  light  8  S'.  It  was  found,  that  at  whatever 
was  found  to  be  so  much  as  two  indies  angle  P I  might  be  incident,  the  propor- 
and  an  half,  while  the  distance  for  light  tion  of  M I  to  M'  I  would  t>e  the  same, 
rdeded  from  natural  t>odies  was  only  so  long  as  the  media  on  each  side  of 
one  inch  and  an  half  (19).  For  the  the  suiface  remained  unalter«I.  Hius, 
ebloursot  natural  bodies  never  have  the  suppose  MI  were  two-ihirds  of  M'l, 
extreme  vividness,  purity,  and  splendour  r  I  being  incident  at  I,  its  refraction  may 
wiiich  are  obtained  by  the  prism.  t>e  thus  found:  take  a  distance  I  ifr 

(31.)  The  doctrine  of  the  different  re-  from  I,  of  which  Im  is  two-tbirds,  or 

firugibili^  of  light  led  to  an  obvious  such  thatltn'ia  equal  to  In  and  the 
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halt  of  I  m,  and  from  m*  draw  «id 

rKndicutar  to  Im';  the  line  I}/  will 
the  direction  whi^  the  ray  p  I  will 
take  in  paiiing  through  the  denser  me- 

Now  tDppofe  that  aray  V\,Jlg.  S3, 
Fig.  S3. 


were  to  meet  I  in  such  a  direction  that 
H  J  istwo-tlurda  of  I S.  If  in  tliis  case, 
in  oot^onuity  with  the  rule  just  ex- 
plained, we  take  a  length  from  I  equal 
to  I M,  together  with  the  half  of  1 M, 
that  length  will  be  I S',  and  S'  noutil  be 
the  point  from  nhich  the  perpendicular 
(m'p',  »ee  last  fe.)  should^  be  drawn  ' 


But  this  point 
S'  being  itself  on  the  drcumference,  the 
perpendicular  {tip)  altt^Iher  disap- 
pears, its  length  being  reduced  to  abso- 
lutely nothing ;  and  the  point  (p')  of 
the  circumference  to  which  the  ray  ia 
deflected,  would  be  the  point  S*  ilaelT. 
Thus  the  Suelliu)  law  would  shew  that, 
in  tlus  case,  the  ray  incident  at  I  would 
not  pass  into  the  rarer  mediuBi.    Ex- 


the  common  law  of  reflection.  It  fijr- 
ther  appears,  bv  what  has  just  been  ex- 
plained, that  this  degree  of  obliquity, 
whieh  limits  the  possibiUty  of  refraction, 
depends  on  the  degree  of  refraction 
which  the  ray  suffers  in  passing  from 
the  one  medium  into  the  other,  and  that 
the  limiting  obliquity  is  greater  wheia 
this  refrachan  is  greater. 

Aware  of  this  property  of  refracting 
media,  Newton  perceived,  that  if  the 
doctrine  of  unequal  refrangibiEty  were 
granted,  it  would  follow  that  the  limitiog 
obliquity,  in  passing  from  a  denser  me- 
dium to  a  rarer,  would  tbi^  with  the 
refrangibility  of  the  light,  beine  greatfar 
for  the  violet  and  more  refrangible  limits 
than  for  the  red  and  less  refrangible 
lights.  Thus  it  would  follow  that  those 
lights  which  had  a  greater  aptitude  for 
refraction,  were  also  more  susceptible 
of  reflexion,  and  mce  verti.  He  ac- 
cordingly submitted  the  doctrine  to  this 
test  by  the  following  ingenious  gcperi- 

(32.)  He  took  two  prisms,  B  A  C,  ;^. 
24,  and  CDB,  of  the  saioe  quali^  of 


Fig.U. 


d  that. 


I  this 


case,  the  ray  P I  was  r^Ucted  according 
to  the  common  law  of  reflection,  in  the 
direction  J  P*,  making  the  angle  PIS 
equal  to  I  PS. 

If  the  inddent  ray  made  any  angle 
0 1  m  less  than  P I M,  the  law  of  Snel- 
bua  Ukewise  became  in^plicable.  For, 
in  this  case,  m  I  being  more  than  two- 
thirds  of  18,  the  distance  from  I  taken 
upon  I S  would  h^  beyond  the  point  S, 
and  therefore  outside  the  circle,  so  that 
Ibe  perpendicular  could  never  meet  the 
drcle ;  and  accordingly  the  refliwAed 
ray  could  have  no  direction  conformable 
to  this  law.  In  aQ  such  cases  experi- 
ment shewed  that  the  rav  was  reflected. 
In  this  illusfration  we  nave  supposed 
the  &xed  proportion  to  be  two-tnirds, 
but  the  eooehision  may  be  drawn  if  any 
other  proportion  be  adopted. 


is  a  cotain  d^ree  of  obliquity  beyond 
which  the  ray  cannot  be  refracted ;  and, 
on  the  contrary,  will  be  reflected  back 
into  the  denser  medium,  according  to    ibrqugh  this 


glass,  having  the  angles  A  and  D  light, 
and  the  angles  at  B  and  C,  in  each  ii\ 
and  placing  their  broadest  faces  B  C  to- 
gether, tied  them  in  thispoution,  so  as 
to  form  a  square  prism.  Tnis  compound 
prism  was  placed  before  an  aperture  F, 
which  admitted  a  beam  F  M  of  llie  sun's 
light,  so  as  to  fall  perpeodieularly  on  the 
face  A  B  of  the  prism.  This  ray  was 
incident  upon  the  thin  plate  of  air  B  C 
between  the  prism^  which  were    not 
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emerged  from  the  surface  C  D  paraJlel  elhibiled  on  P.  Thus  it  ^  follows  that 
fo  iis  incidence ;  for  since  the  refractiiig  violet  light  is  totally  reflexible  ftt  an  ot)- 
anitles  of  the  two  prisms,  AC  B  and  liquity,  which  is  insufficient  to  prevent 
CUD,  are  turned  in  opposite  directions,  the  refraction  of  lights  of  other  colours, 
and  are  equal,  they  neutralise  eacn  The  prism  A  C  D  S  was_  now  slowly 
olher"s  eifetts,  and  the  light  emerges  as  turned  round  a  little  more  in  (he  same 
it  entered.  The  ray  M  0,  emerging  from  direction,  and  the  eiFecIs  observed.  The 
the  compound  prism,  was  received  upon  screen  p,  in  addition  to  the  violet  light  t>, 
anolher  prism  1 H  K,  and  was  dilated  in  was  now  illuminated  by  the  indigo  i,  ot 
the  san\e  manner  as  if  it  had  been  re.  which  the  apectnim  on  P  was  observed 
ceived  directly  from  the  aperture  P,  and  to  be  deprived.  The  place  of  the  indigo 
the  spectrum  was  received  in  the  usual  light  onp  was  also  next  to  e,  but  so  u 
way  U|)on  the  screen  at  P.  to  be  less  refracled.  On  iilterposing  the 
Another  prism  XVf  was  placed  screen  between  the  prism  I  H  K  and  the 
above  the  compound  uiie,  in  such  a  bosi-  compound  prism,  it  was  found  to  be 
tion  as  to  receive  a  ray  reBected  hrom  illuminated  with  a  colour,  which  would 
the  surface  B  C  ;  and  aboye  it  a  paper  result  from  the  mixtUre  of  all  (he  colours 
screen,  placed  to  receive  the  light  re-  of  Ihe  speclntm,  except  violet  ahd  in- 
fracted by  it.  dj^;  and  on  the  other  hand,  on  hitei* 
Let  us  suppose  that  in  the  positioii  tosing  It  tietween  the  prismXVYand 
thus  given  to  all  the  prisms,  a  vivid  IHK,  it  was  illumirtated  with  a  colout 
spectrum  appears  on  P,  and  no  appear-  which  would  be  ^rodut^ed  by  the  tnit- 
ance  of  lig^t  is  exhibited  on  p.  The  tUre  of  violet  and  indigo, 
compound  prism  is  now  slowly  turn^  The  inference  ftom  these  eSbcts  la 
round  its  axis  in  the  direction  A  C  D  S,  consistent  with  the  former  dne.  The 
so  as  gradually  to  increase  the.obhquity  prism  AODB  had  now  attained  tiM 
of  the  ray  F  M  to  the  surface  B  C.  At  position  which  gave  the  incident  raj 
a  certain  position,  a  strong  violet  light  rM  the  limiting  oblicjuity  of  the  indigo 
will  appear  upon  the  screen  p  aX  v,  light  It  km  accordmgly  reflected,  to^ 
Maintuning  the  prisms,  for  the  present,  gether  with  the  niort  refteiihlfe  violet 
in  this  posibon,  let  the  circumstances  of  Bght.  The  lights  of  other  colours  were 
the  eipeiiment  be  examined.  The  violet  transmitted,  and  produced  Uie  effects 
part  of  the  spectrum  oa  P  will  be  found  observed  on  P;  and  between  IHK  and 
to  have  disappeared.    It  a  screen  t>e  id-  A  C  D  B , 

terposed  between  the  prism  IHK,  and  This  process  was  continned,  the  prism 
the  compound  prisiu,  it  will  be  found  A  C  D  B  being  slowly  and  gradually 
that  the  light  which  falls  upon  it  will  be  turned  on  its  axis  in  the  same  direction. 
of  (L  colour  which  would  result  from  the  The  lights,  blue,  green,  yellow,  orange, 
mixture  of  all  the  colours  of  the  spec-  and  r^,  successively  disappeared  frooi 
Irum,  except  the  violet  If  a  screen  be  the  spectrum  od  P,  and  at  the  same 
interposed  between  the  prism  XVY  and  times  ^ipeared  in  succession  In  their 
the  compound  i>rism,  it  will  be  found  proper  places  on^.  In  each  case  th« 
that  the  light  which  falls  upon  it  is  the  colour  of  the  light  m  the  beam  M  O  was 
violet.  The  inference  is  most  obvious,  such  aS  would  result  from  the  mixture 
The  incident  ray  F  M  has  obtained  the  of  the  colours  on  P,  and  the  colour  of 
limiting  obliquity,  corresponding  to  the  the  light  M  N  was  such  as  would  result 
most  refrangible  or  violet  light  This  from  the  mixture  of  the  twlours  onp. 
tight  is  accordingly  reflected  by  the  sur-  AH  these  efltcts  ore  obvionj  and 
face  BC,  and  is  transmitted  through  the  beautiful  consequences,  and  therefore 
prism  XVYtothe  screen  jj,  where  it  oonflrmations  of  Newton's  doctrine.  As 
appears.  The  violet  light  not  passing  the  obliquity  of  the  incident  ray  FM  to 
wiUi  the  other  parts  of  the  sutl-bcam  the  surfkce  B  0  is  ^adually  increased, 
through  the  prisita  BCD,  has  dlsap-  it  becomes  successively  equal  to  the 
peared  bvm  the  spectrum  on  P,  wtrictii  limiting  obliquities  of  the  several  ct>- 
therefore,  noff  tenninates  with  the  in-  loured  lights,  and  lii  the  same  sticces- 
digo  light.  The  beam  M  O,  before  it  ii  sion  reflect*  them  to  the  screen  ji;  the 
dilated  Dy  the  prism  I H  K,  is  in  fact  the  other  screen  P  being  in  the  same  order, 
sun-beam  F  M  deprived  ot  Ihe  violet  and  at  the  sMile  instants  ot  lime,  de- 
light, which  has  been  reflected  at  M,  prived  of  them.  Thus  it  appears,  not 
and,  therefore,  it  is  composed  of  all  the  only  that  lights  of  diSb«ilt  coloun 
colours  of  the  spebtrum  exsept  violet,  as  are  differently  refrangible,  but  also  that 
sopean  t7  tiu  veettuiilt  ffttich  li  now  tbeyan  ftlSEre&tlyRfle^bl«:  udttiat 
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those  whicK  are  more  refrangible  are 
also  more  reflexible,  and  rice  vgnB. 


(y  the  Method*  <if  oblmrtiiig  Homoge- 
neoiu  Light, 

(33-)  By  the  results,  of  ttie  experimental 
Investigations  described  in  the  last  chap- 
ter, Newton  ifas  convinced  tliat  solar 
light  vaa  not  simple  and  homogeneous, 
but  v&s  a  mixture  or  composition  of 
many  lights,  difi^ng  from  each  bther 
in  certainrespects,  but  more  particularly 
in  r^ran^ibllity.  This  qualify  he  adopt- 
ed as  a  test  for  pure  unmixed  oi"  homo- 
geneous light.  A  Ijeam,  every  ray  of 
which  was  equally  refran^ble,  and 
which,  therefore,  did  not  admit  of  being 
dilated  by  a  prism,  he  considered  t6  be 
pure  homogeneous  light  Although  the 
parts  into  which  the  solu  beam  was  de- 
composed were  shewn,  by  the  bRieri- 
nient  described  In  p.  l7,  td  oe  Inca- 
pable of  Further  mlatation;  Jet  thi* 
method  did  not  give  all  the  {lurity  to  the 
light  which  philosophical  exactitude  de- 
manded, for  the  reasons  which  we  shall 
QOtf  explain. 

It  will  be  recollected  that  t}i,e  aperture 
in  the  wind ow-shttttet  (p,  UJ  casts  a 
drcular  illuminated  spot  on  the  opposite 
wall^  the  diametet  of  which  is  equal  to 
thediameter  of  the  hole,  together  with  k 
line,  wHicb  being  drawn  upon  the  wall 
would  subtend  at  the  hole  an  angle 
equal  to  the  apparent  diameter  of  the 
sun.    But  tliis  c&cular  spot  is  not  uni- 


e  of  which  mill  be  easily  under- 
stood.   Ld  O  (y.fig.  25,  bfe  the  hole  in 
Fig.  25. 


the  window  shutter ;  8  8'  the  sun's  dia- 
meter. A  ray  of  light  from  S',  passing 
the  upper  boundary  0  of  the  hole,  falls 
upon  a  screen  al  P ;  and  a  rav  fcota  S, 

Bssing  the  lowr  edge^'  ofththole. 
Is  upon  the  screen.at  P.  Now,  it  iA 
apparent  that  iib  part  of  tbb  luii't  use, 
except  the  lowest  pdid*  S',  con  Ihitie 


upoii  P.  the  upper  part  of  the  vindoir 
shutter  intercepting  the  light  l^om  ajl  tba 
other  points :  and  that  no  part  of  hli 
disc,  except  the  poiiit  3,  can  abine  upon 
F,  the  lower  part  ot  the  wmdow  shutter 
ititercepting  the  licht.  Hence  it  app«ar« 
that  the  points  P  f,  and  the  entire  of 
the  edge  of  the  illuminated  circle  on  the 
screen,  will  be  more  faintly  illuminated 
than  any  of  the  parts  nearer  to  its  centrtL 

The  ray  from  S'  passing  above  the 
lower  edge  of  th&hote  at  O^  will  illumi- 
nate L,  and  thos  the  point  L  will  bfe 
exposed  to  light  from  the  entire  dite 
of  the  sun.  The  same  may  be  said 
ot  L',  and  of  all  Ititermediaie  poiii^ 
The  several  points  frotn  L;  to  F 
will  l>e  exposed  to  light  froni  onl;^  k 
part  of  the  sun's  dist^  that  part  beii^ 
smaller  the  more  distant  the  point  n 
from  L.  so  that  the  light  betomes  grfU 
dually  more  faint  from  L  to  P".  The 
same  may  be  said  of  the  light  frottt  L' 
to  P.  From  this  it  appears  that  Ihfc 
circular  Illuminated  ^pot  tin  the  screen 
is  composed  of  a  s.mall  .circle  Whosfe 
diameter  Is  L  L',  unifond  j  illiiminateq, 
surrounded. to  the  distance  LP'  b^  £  , 
ring  of  light  6i  gradually  decreasing 
brightness,  andfai^Dg  away  imtll  It  be- 
comes Insensibie,  This  ring  id  called 
the  Boiuniftro  •. 

Now  since  th«  efibct  of  ihfe  prisni,  id 
has  been  aheady  proved,  \t  to  stretch 
out  this  luminous  Circle  into  an  oblong 
fpnn,  the  breadth  being  (he  same,  and 
the  aides  and  end^  ^ing  Illuminated 
by  the  rays  which  form  the  penumbral 
ring  surrcJiinding  the  unrefractea  circle. 
It  follows  that  the  sides  and  ends  of  the 
spectrum  will  be  bounded  by  a  pehuin- 
bral  skirt  of  the  breadlh  of  P  L' ;  and 
£hch.  In  fact,  vis  the  result  of  the  et- 
periments. 

In  the  experiments  vrhich  Newton 
now  desired  to  institute,  it  was  necewaiy 
that  the  light  should  be  obtained  of  as 
uniform  an  intensity  as  possible,  and 
tbo'efore  it  was  necessary  to  remove  or 
veiy  much  diminish  the  penumbral  fringe 
which  we  have  just  descritied.  But 
it  was  still  more  necessary  iKat  light 
should  be  obtained  which  was  perfectly 
pure  and  homogeneous,  and  it  so  hap- 

Sened  that  the  same  cause  which  pro- 
nced  the  fiinge  and  varied  the  intensity 
of  the  light,  also  impaired  iti  purity. 

■mtKr  al  Ikt  Kirn  Kill  be  Int  Ihin  l^'t  dT  ika  iiu. 
Id  Ihll  cam  Ibl  pun  it  IhF  Spiic  L  l/"ill  dIujipHU'. 
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Ihis  win  be  understood  by  fttteoding  to 
the  eflbcts  of  the  prism  on  the  circular 

Ijet  S,  fg.  26,  be  the  circular  mimii. 
nated  spot  cast  upon  the  icreen 
hj  the  light  proceeding  directly  Fig,  2S. 
from  the  aperture  wilnout  be-  >''~v 
inf  intercepted  by  the  prism.  (  a    J 
Let  S  A  be  the  distance  on  the  \~J 
screen  to  which  the  least  re- 
frangible rays'  are    deflected. 
These  rays,  which  before  fell 
upon  the  circle  S,  will  now 

fiUl  upon  the  circle  A,     Let      

S  Z  be  the  distance  on  tiie  A  ^ 
screen  to  which  the  most  ^'^  ^  ^  J 
frangible  of  the  n.ya  incident  ^^^ 
on  S  are  deflected  by  the  /^  \ 
pism.  These  rays,  which  be-  \  ■*-  J 
fore  fell  upon  the  circle  8,  ^•'—^ 
now  fitll  upon  the  circle  Z, 
The  rays  of  all  the  interme- 
diate degrees  of  refrangibility 
are  deflected  by  the  prism, 
■o  as  to  fall  upon  circles  whose  /"  \ 
centres  occupy  the  entire  space  (  s  ) 
from  A  to  Z.  From  A  take  \_^ 
a  distance  A  C,  eqnal  to 
twice  the  radius  of  tne  (urcle  A,  or, 
nhat  is  the  same,  to  the  breadth  of  the 
^«ctrum.  A  drcle  described  round  the 
centre  C,  with  a  diameter  equal  to  A  C. 
will  evidently  touch  the  circle  A,  but 
neither  circle  will  be  within  or  upon  the 
other.  It  is  cTident,  however,  that  every 
circle  of  the  same  diameter,  whose  cei>- 
tre  lies  between  A  and  C,  must  lie  partly 
upon  the  circle  A,  and  partly  upon  the 
arcle  C.  Hence  it  u  evident,  that  the 
rays  which,  deflected  from  S,  illuminate 
the  circle  A,  and  those  which  iUumLnate 
the  circle  C,  are  not  iutermiied.  But 
between  the  points  C  and  A  is  a  consi- 
derable spact^  and  between  the  dqjrees 


of  refraneibilitf  which  wonld  cause  raya 


ran  would  be  deflected  upon  innume- 
raole  <ardes,  whose  centres  lie  between 
CandA.  It  fotlowa,  therefore,  that  all 
these  lights  of  intermediate  refhmgitu- 
lities  are  intermixed  with  lights  upoa 
the  circles  A  and  C,  neither  of  which, 
therefore,  shine  with  pure  homogeneoua 
light  Since  the  lights  at  differeid  re- 
fransibilities  which  are  thus  intermingled 
are  oiflused  over  circles  whose  centru 
occupy  the  space  AC,  the  number  of 
such  circles  must  be  proportional  to 
the  space  A  C,  or  to  the  breadth  of  the 
illuminated  circle  S,  increasing  and  di- 
minishing  as  that  te^adlh  is  uicreased 
or  diminished.  In  this  proportion,  then, 
lights  of  different  relrangibilitiea  are 
mixed  in  the  spectrum ;  and,  therefore, 
every  means  which  can  diminish  the 
breadth  of  the  spectrum  will  propor- 
tionally increase  the  puritv  of  the  liehls. 
Hie  first  method  which  occurred  to 
Newton  to  accomplish  this,  and,  at  the 
same  time,  to  remove  the  peaumbral 
fringe  already  mentioned,  was  to  per- 
forate the  screen  in  the  space  L  L'  (_flg. 
25).  and  to  receive  the  light  trans- 
mitted tlirough  the  perforation  on  a 
second  screen  behind  the  first.  By  thia 
means  the  penumbral  ring  would  be 
received  upon  the  first  screen  at  L'  P, 
L  P',  and  the  uniform  light  ot  L  L'  would 
be  admitted  to  the  second  screen  through 
the  perforation.  In  this  case,  the  breadth 
of  me  illuminated  circle  on  the  second 
screen,  and  therefore  that  of  the  spec- 
trum, would  be  nearly  equal  to  that  of 
the  perforation.  In  proportion  as  the 
breadth  of  the  spectrum  would  be  thus 
reduced,  the  intermixture  of  heten^ie- 
neoiu  lights  would  be  diminished,  and,  M 


27. 


we  have  just  endained,  the  penumbral  ing  method.   At  a  distance  of  ten  or 

l^t  would  be  aftogedter  intercepted.  twelve  feet  from  the  hole  0,  J^.  27,  be 

He,  howeTcr,  acoomplished  what  be  [daceda  lent  L,  which  formed  an  image 

vmed  at  more  eStetuauy  ^  the  follow-  of  the  hole  M  O*.    If  the  lens  were  so 
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pUwd  ttirt  0  L  Mtd  O-L  ahould  be  dimmbbM  in  br«dth  towards  0.  the  cor- 
«qual.  which  WM  dways  pQsnble.  the  responding  parts  of  the  gpectnun.  towards 
magnitude  of  the  image  Cy  would  be  w     «        "u-.iuw-rm 

exactly  equal  to  that  ot  the  hole.    This  ^^'  ^'■ 

image  was  therefore  considerably  less 
than  the  illuminated  circle  ca«t  on 
the  wall  or  screen  without  the  inter- 
poiition  of  the  lens.  A  prism  ABC, 
placed  behind  the  lens,  deflected  the 
rays  emerging  from  it,  and  formed 
the  oblong  spectrum  RV,  the  breadth 
of  which  was  equal  to  O*,  and  which 
was  free  from  any  penumbra.  The 
lenfith  of  the  spectrum  in  these  expe- 
riments is  never  changed.  In  the  pre- 
sent experiment  he  toMeeded  in  reduo 
ing  the  breadth  to  about  one-sixtieth  of 
the  length ;  and  therefore  diminished 
the  mixture  of  heterogeneous  lights  in 
any  part  of  it  proportionally.  Althou^ 
it  was  impossiUe  bj  this  method,  or 
perhaps  by  any  other,  to  obtain  a  beam 
of  absolntely  homogeneous  li^t,  yet 

what  was  thus  obtained  was  s^oientty  R  V,  are  increased  in  the  purity  of  the 
simple  and  homogeneous  for  all  the  light,  heterogeneous  rays  bang  less  in- 
purposes  of  expenment.  termixed  as  the  lireadth  of  the  trianrie 

Some  other  ingenious  expedients  were  is  dimmishod,  as  is  evident  from  the 
resorted  to  for  the  simplitleation  of  light,  figure.  Having  a  spectrum  of  this  kind. 
The  diminished  breadth  of  the  spectrum,  experiments  may  t>e  tried  either  in  its 
wlnie  it  gave  a  purified  homogeneous  stronger,  though  less  simple  light,  on  the 
jwht,  gave  a  rery  small  quantity  of  it.  side  RV,  or  in  the  weaker  and  more 
To  obtain  it  in  greater  abundance,  it  simple  lidit  on  the  side  rv,  as  may  seem 
occurred  to  Newton  to  form  a  great  more  smtable  to  the  objects  of  the  in- 
number  of  small  holes  in  the  shutter,  in    vesligation. 

the  same  hwjiontalrow,  so  as  to  obtain  in  aU  experiments  on  homogeneoui 
seversJ  of  these  spectra  placed  parallel  light.  Newton  states  that  he  found  it 
to  each  other,  and  thus  form  one  broad  necessary  tousegreatprecsution  in  order 
one,  m  which  the  lights  should  be  as  to  he  secure  of  success.  The  chamber 
homogeneous  as  ra  a  single  oneofsmall  should  be  carefully  darkened  to  avoid  the 
breadlh.  Or  what  was  equivalent,  and  disturbance  arising  from  rays  of  white 
still  more  effectual,  instead  of  a  row  of  light  scattered  casually  about  The  glass, 
holes,  he  formed  one  narrow  slit  in  the  both  of  the  prisms  and  lens,  sho(3d  be 
shutter  extending  m  an  homontal  diree-  fire  from  vems,  sfrise,  air  bubbles,  and 
tion,  so  as  to  admit  a  thin  sheet  of  light,  other  inequahlics.  He  found  it  so  dif- 
By  this  means  a  spectrum  of  any  required  ficdt  to  procure  good  prisms,  that  ha 
breadth  may  be  formed,  in  which  the  trequentiy  used  transparent  liquids  in- 
hght  IS  as  pure  and  homogeneous  as  in  closed  in  hollow  prisms,  formed  of  weoet 
a  spectrum  formed  by  hght  admitted  at  of  plate  glass  fixed  together  Kt  prtroer 
a  round  hole,  whose  diameter  is  equal  to    angles. 

the  breadth  of  the  sUti  With  light  simplified  by  the  methods 

Newton  suggests  another  very  ingeni-  we  have  now  expldned,  he  tried  the 
ous  means  of  obtaining  a  specfrum,  in  experiment  explained  in  (26),  and 
which  lights  would  be  supphcd  of  dif-  found  that  a  puw  homogeneous  ray  ad- 
(erent  degrees  of  purity  and  inlensity.  mitted  of  no  Station  by  the  prism,  and 
Let  a  narrow  triangular  hole  be  cut  m  therefore  concluded  that  the  Ught  of 
the  shutter  in  an  horizontal  direction,  as  which  it  was  composed  was  all  equally 
^.  28.  0  o.  The  sunbeam  admitted  refrangible.  With  a  view  of  establish- 
through  this  hole  will  have  ta  «i^  Uke  jng  the  same  prindple,  he  took  two  small 
'C  ray  circular  pieces  of  whiteptper,  and  illumi- 
h  the  Dated  one  with  Ught  direa  ftom  the  sun, 
3on  to  the  and  the  other  with  homogeneous  light 
s  tlte  raj   obt&ined  by  one  of  flw  mrtboda  wlwsti 


a  knife.    The  broadest  part  O  of  0       , 

will  form  a  spectrum  RV.  in  which  the    nai"ed  01 
intermixture  will  be  in  proportion 
base  O  of  the  triangle ;  '    ' 
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we  have  just  eitpUined.    Viewing  these  law.  The  eiperiment  by  which  thi«  wai 

cireles  thus  iUuminated  through  a  prisni,    df* '""'  -"  "  '""""■ 

he  found  ttiat  the  while  circle  waa  dilated 
into  an  oblong  ipectrum ;  but  that  the 
other  still  appeared  as  perfectly  drcular 
as  when  viewed  without  the  interreation 
of  the  prism.  He  now  placed  minute 
objects  in  the  homogeQeous  %ht,  and 
viewins  them  through  the  prism,  found 
them  distinct ;  but  when  the  same  objects 
in  the  sun's  direct  unrefracted  beam  were 
■imilarly  viewed,  the;  became  confused 

and  indistinct.  Let  RV  ifig-  29)  be  the  ipectrum 
produced  by  t  prism  in  the  ugui^  war. 

Chaptxr  it.  Let  another  pnsm  be  placed  at  right 

-*mp*r/Mfi«.  y  wjj^ortw^  fc^-  .^t^m  assumes.  *«  distance*  R  If, 
scype»-ffeu,t<m-*  reJIeOtng  titacope.  ^^^^^^  ^^  the  screen  the  de^ 
<34.)  Nbwtom  having  now  succeeded  in  flections  of  the  red  and  yiolet  rays,  and 
astablishide  the  unequal  refranpbility  of  lines  parallel  to  these,  as  G  O',  measure 
the  rays  which  compose  solar  Tight,  his  the  d^ection  of  the  intermediate  rays. 
next  step  was  to  determine  tlie  .law  br  from  the  proportion  of  these  lines,  that 
whictieachspeciesofiightwasrefra^tea.  of  the  sines  of  the  refractions  of  the 
It  was.  about  the  year  1GG5,  being  then  severa]  kinds  of  rays  was  determined  bjr 
inhis2Sth  year,  that  he  appears  to  have  mathematical  reasoning.  The  prism 
eommenced  his  investigation^  respecting  placed  at  right  ao^s  to  the  fintwas 
the  composition  of  light ;  and  on  the  8tE  now  removed,  and  another  with  a  dtf* 
of  February,  16^2,  he  communicated  his  fennt  rettw;ting  angle  was  substituted 
discovery  io  the  Royal  Society,  of  which  fbr  it,  which  .removed  the  spectrum  to 
hehadjustbeenelectedaFellow.  About  the  position  k"V",  The  proportion  of 
^ty  years  prior  to  this  period.  Snellius  the  sines  of  the  refractions  was  now 
discovered  the  laxo  of  re/raelion.  which  deduced  from  measurement  and  corn- 
being  aftemards  adopted  by  Descartes,  pntation  as  before,  and  was  found  to  be 
was  well  known,  and  aenerally  received  unaltered.  A  third  prism,  with  a  dif. 
at-  the  period  to  whi^  we  now  allude,  fiirent  refracting  angle,  was  used  with 
The  philosophers  who  observed  this  law  the  same  result  Tnus  it  appeared  that 
were  not  aware  that  all  the  rays  of  light  the  sine  of  refraction  of  each  lu^ht  bears 
were  not  equally  refrangible;  and  New-  aflxed  proportion  to  that  of  the  green 
ton  concluded  that  they  adapted  their  Ught.  while  the  sine  of  refraction  of  the 
measures  to  the  m^n  ra»s,  or  those  green  light  twars  a  fixed  proportion  to  tha 
which  lie  in  the  middle  of  tne  spectrum,  sineoftncidencei  li^the  lawof  SDellius; 
and  which  therefore  have  an  intennediate  from  whence  it  follows  that  hi  each  kind 
refrangibility  between  those  of  the  red  of  lighttheslneof  Ibeangleof  HAactlon 
and  violet,  the  least  and  most  reirangible  bears  a  fixed  propottloD  to  that  of  the 
rays.  Hence  he  concludes  from  the  angle  of  incidence,  but  that  tttis  proptir- 
eiperiments  of  hb. predecessors,  that  tionisdifi^ntinli|htof  difi^mkiilda. 
the  green  light  of  the  prismatic  spec-  Newton  tpves  an  intest^otion,  bj 
trum  is  re&Bcted  abcoramg  to  the  Snel-  wHch  he  shows  that  this  law  of  refrao- 
lian  law.  tion  may  be  deduced  faidependentl^  of 
Newton  showed,  by  the  experiment  e^perimetit,  bynlathematlcal  reaaotlingi 
which  we  shall  now  describe,  that  whed  from  the  supposition  that  bodiei  reMct 
the  sun's  rays  were  all  incident  on  the  light  by  acting  upon  its  rays  In  directioni 
jKitm  at  the  same  angle,  the  sines  of  the  ^ritrht  angfes  to  their  surfaces.  We 
refractions  of  the  seveml  component  raja  shall  not  give  here  the  detuls  Of  this  in- 
always  have  to  each  other  the  same  pro-  vestigation,  which  also  furnishes  an  ex- 
portion.  It  follows,  therefore,  that  they  t>'>°^^°i<  '^^  ^^^  ^^^  ^^  ^^^^  afready 
must  always  have  the  same  proportions  Mated,  namely,  the  total  reflection  of  the 
to  the  sine  of  the  an^  of  inddencbi  foe  light  at  the  limiting  obliquities:  It  li, 
since  the  grsen  ra»  obeys  tltii  law,  end  hoWever,  itl  the  Principia  that  this  latter 
they  all  bcra  fixaa  proportiona  witti  r^  bonsetmence  is  deducM  from  it: 
•pect  to  JA,  tbey  mu«t  m  obey  «  nmilar  (3S.j  Havijig  dfltanniiMd.ttie  propor- 
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tianoftheuneof  incidence  uid  refrac-  cbnBiderable  distance  are  vay  sniall.lbfc 

tion  for  the  red,  green,  and  violet,  sup-  raya  being  eridently  wry  nearlj  perpen- 

pcwd  to  pasa  from  air  into  glass,  to  be  dicul&r  to  the  surface  of  the  glass.    By 

u  follows : —  a  well  known  principle  of  mathemalici, 

£ed     Sin.inc. :  Sin.ref. ::  77    :  5d  the  sines  of  very  small  angles  are  in  the 

Oram  8iD.  inc.:  Sin.ref. : :  77(  :  50  same  proportion  aathe  angles  themselves: 

Violet  Sin .  inc. :  Sin .  ref. : :  78    :  50  and,  therefore,  in  the  case  to  vihich  no 

he  proceeded  to  investigate  the  efifeot  now  allude,  the  angles  of  incidence  will 

which  this  difibrence  in  the  proportioti  be  to  those  of  refraction  as  the  above 

E'roduces  on  the  images  of  objects  formed  nuntbers,  and  the  deyiations  of  the  nya 

J  the  object-glaJses  of  refracting  tele-  above  mentioned  wiU  be  as  the  ifferencea 

Mopes.     When  the  curvature  of  the  of  those  Diiinbera.    That  is  to  say,  the 

object-glass  is  not  great,  compared  with  deviations  Of  the  red.  green,  and  cioiei, 

its  diameter,  the  angles  of  incidence  of  wiU  be^  37,  S7t,  arid  28.     ' 

rays  proceeding  &om  a  point  at  a:^  Lei  L  be  a  lens  presented  b  a  tlis- 


tent  otjeet  from  which  jhe  njs  may  were  ftmned,  bf  which,  as  well  as  of  hii 

be  considered  parallel.     Let  V  be  the  efforts  to  avoid  or  remove  them,  be  gives 

focus  to  wliich  the  violet,  or  most  refran-  a  vbry  detailed  and  interesting  account, 

gible  rayd  are  collected ;  and  K  the  point  He  also  found  coasidferable  difficulty  in 

lo  which  ti]ereef,or.leqstrefrangiblerays  determining  the  exact  foci  of  th&lip;hti 

are  collected ;  and  let  Q  be  tt)«  focus  of  of  blueish  character  at  the  tipper  end  of 

the  nledium  at  green  rsjs.    The  plaeei  the  spectrom,  dtring  Id  thbir  estreme 

of  ttie  points,  V.G.R,  may  be  determined  fainthesa.    On  the  wholes  however,  he 

^  geom^cal  reasoning,  if  the  nrtHtor-  succeeded  in  saliEffiog  himself  that  the 

lions  of  the  siaesof  inciaenccana  re&ao-  foci  of  the  rays  of  different  colours  were 

tion  as  ^txive  given,  and  the  C|irvature  of  at  those  points  to  which  the  computatioti 

the  lens,  be  known.  .The  result  is,  that  if  made  on  their  supposed  iioequal  re- 

twice  the  diatance,  L  G,  be  divided  into  frangibillty  assigned  them-    Thus  it  ap- 

SS  equal  parts,  the  space  V  His  equal  to  pearedUiat  the  otyect  glass  of  a  refract- 

one  of  these  parts.  ing  telescope  fomted  as  many  distinct 

It.may  also  l>e  proved  that  if  0  be  a  images  of  an  dbject  placed  t>efbre  it,  ai 

ucid  point;  and  V,  G,  K,  the  foci  of  the  there  are  lights  of  different  degrees  of 

violet,  green  and  red  light  from  it,  and  refrangibility :    that  these   images  dif- 

aa.twfbrc  twice  tht  distance. L  G  be  di-  fered  in  colour,  the  blueish  ones  \xwe 

Tided  into  55  equal  parts,  V  R  nill  have  nearest  to  the  otject  glass,  and  the  reef 

the  same  proportion  to  one  of  those  dish  most  remote  from  it,  and  that  be- 

parts  as  OG  has  to  0  L.  tween  these  were  include  images  of  a 

.  It  will  be  observed  that  the  violet  rays  greenish  and  yellowish  hne ;   that  these 

diverging  from  Vmeet  the  red  rays  con-  images  extended  over  a  space  along  the 

rerging  towards  Rat  acertain  point  1m-  axis  of  the  telescope,  equal  to  about 

twe«n  V  and  R,  and  that  at  this  distance  2-55ths  of  the  focal  length  of  that  glass.; 

all  the  rays  which  are  re&acted  \iy  the  and  that  the  smallest  space  into  which 

lens  are  collected  into  the  smallest  pos-  the  innumerable  images  of,  the  .same 

sible  drde.    The  diameter  of  this  cmjle  point  in  the  object  can  tie  collected  on  a 


bong  computed  when  the  incident  nu^s    plane  at  right  angles  to  the 

are  parallel,  waa  foiuid  to  b^  about  the    telescope,  is  a  circle,,  whoss  aiameier 

dSth  part  of  the  diameter  of  the  lens.         amounts  to  about  a,  59th  part  of  the 


(3GJToverify  these  inferences,  Newton  diameter  of  the  object  glass.    "  So  that 

repealed  agfia  theexperiment  described  it  is  a  wonder,"  says  Newton,  "  tliat 

ID  (IS),  but  adopted  the  method  men-  leleKOpea  represent  objects  ao  distinct 

tioned  in  p.  24,  of  rendering  the  pris-  aa  th^  do.    But  were  all  tlie  n^s  of 

maticlightboniogeneous.    Inthecourse  lightequaUyre{qangible,theerrorarising 

of  Ukm  ctpatinleitti    he  eoconntered  on^  fhnn  the  sphencalness  of  the  figures 

aumy  practicAl  difficuUleii  ^™<%  ^^  of  glasses  would  be  tnany  hundred  tmies 

inpcrleotioni, juch  u  reini,  aii:  bubbles,  less."  \ 

&0.  )D  the  gUn  of  wtuch  bii  priuni      Tbe  eflba('calkd  iphoicid  alMmtiviit  n 
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ftad  its  cauM,  hftve  been  alreedy  indi-  Square  of  the  nidiui  of  tlw 

catedindl.)    Let  LL'.  jfe.  31,  Dettie  spherical    sutfuce   of  the 

sectioD  of  a  plano-convex  object-glass  lens,    (radius  beinp  1200 

made  bj  a  plane  passing  througn  its       inches) 1440000 

axis,  and  let  parallel  raya  of  pure  ho-  Square  of  the  sine  (S)  of  re- 

mogeneous  light  be  supposed  to  fall  on       fraction 4 

^>  31-  Their  product     .    .    S760000 


e  (3)  of  the  angle 
9 

the  plane  side,  perpendicular  to  the  sur-  Their  product    ,    .    ,    .    38 

face.    Ifthe  surface  of  the  lens  be  con-  jj^  proportion  of   these  producbi  is 

ceired  to  be  divided  into  a  number  of  that  of  160,000  to  1 :  and  such  is  tha 

(wncentrwal  nngs,  as  described  in  (1 1 ).  proportion  of  half  the  breadth  of  the 

die  foci  of  each  ring  .lU  be  more  dirtiiit  ten.  ti.  ,.  two  inches)  to  the  aberration, 

fromlhe  lens,  the  nearer  the  ring  is  to  ^^^^  jg   therefore,  the  160,000*  part 

the  edge  of  the  ens.    Let/be  the  fccu.  „f  i„„  inches,  or  the  SO.OOOik  panrf 

of  the  marginal  niw,  and  F  that  of  the  ^^j  jj^^ 

central  raya    The  fSelof  all  the  into--  The  diameter  of  the  lateral  aherradon 

mediate  rings  will  he  between  F  and/.  ^^^  f^^  unequal  leitangibility  of 

The  ray.  divmging  from  aU  the  foci  j  ],,  %,„^^  ,„  aiax  of  thTleo.  iu* 

between  /  and  F  are  coMed  ui  a  j,„ribed,  be  the  lllly-«(lh  part  of  four 

arcla  hanug  the  line  A  A' to  its  dia-  i^oia,  or  four  fifty-flths  iif  an  inch, 

meter,  and  this  is  evidenUy  the  smallest  j^^  j^t^nj  aberration  produced  by  the 

apjce  within  which  oB  theae  raya  are  ,pi„rical  form  of  the  lens  has,  there- 

cjUected.    The  diameter  of  this  cnnle,  fore,  to  that  produced  by  the  unequal 

therefore,  measures  the  WotJ  oSsmi-  retrangibiliry  of  light,  so  smaU  a  pro- 

tion  which  parallel  rays  would  su.tain  portion  as  I  to  S800  * 

Ji'fL"'"  VfijiJ  .»' the  lens;    and  „    ,„„          therefore,  that  the    im- 

Newton  calculated  this,  in  orier    to  perftdion  of  telescopes,  which  ariua 

compare  the  imperfection  of  tele«»pes,  Ji„  n,  „n,rical  fori  of  lenses,  beam 

araing  from  this  cause,  with  that  mi-  .„  exceedfogly  »n.U  proporUon  to  that 

perfaaion  which  arise.  Sum  the  no-  „hich  is  ca3id  bylhe  uJequal  refran- 

equelreliangibihly  of  light.  gibdity  of  light.    But  even  ite  small  er- 

By  gMmetiraJ  rj.«>rang  theddails  reramingfiomthesphericalformma, 

of  which  we  cannot  properly  mlrodoce  be  almost  removed,  as  Newton  suggesti 

here,  it  is  proved  that  the  square  of  the  i,  ,  compound  obiect-glass.  forSSd  by 

r«lus  of  the  sphencal  surface  of  the  tiogtas lenses wittwaSi between theii 

lens,  multipljed  by  the  square  of  the  So  that  thus  Jl  the  laboura  ofDesoartea. 

Bine  of  refraction,  has  to  the  square  of  ^nj  othsn  who  devoted  themselves  to 

J'^'JftL  T^     "'  "".  'f,!"  ?■  '■    "?"  the  formation  of  spheroid^  lenses  were 

tiphed  by  the  square  of  the  sac  of  the  fmitles.,  .ince  evm  had  they  •loeeeded 

■"!  .f.JI'T*'^!."!.''  '^  proportion  jn  producing  lenses  absolutely  ftee  from 

ashUtJal breadth bematolheaheira-  .plWicala&rration,thee«i»lwouldnot 

™?,AA-  .                3   ,    L       ,  have  been  peroeptible. 

Newton  then  proceeds  toshow  that  If  (37,)  Reasoning  thus,  Newton  did  not 
the  object-glBSs  vrere  a  plano-convex  hesitate  to  pronounce  the  iitmnvmtmt 
leni  havmif  Us  plane  siJo  turned  to-  „/ r,fracli,ii  l,ki«^  d„pZl,.  a  con- 
wards  the  o>^  having  the  ■»^iu.  of  g^„  .^jJi,  f„,m.Vslriliing  exception 
^UT^"^',T"1'°","°™t"''  1»  »»  •!""»'  auperhuma;  »Scit. 
and  Uie  diameter  of  the  lens  four  inches  ,hich  chanieteiisedill  the  philosofhicJ 
SJii;  !L  £"  ™'""'=rol' "I"  re«uehc.  of  this  extraoiSinaiT^man. 
»hid  equally  refrangible  rays  would  be  What  renders  thi.  eiror  the  moh,  won- 
ff  "VSiirto  "L-S^,1°,'C  "-'-■  "  «»■  the  prcpert,  of  light, 
proportion  of  the  tine  of  incki^ice  to  *Thu  pnfmiiou  ii  «imiiud  whh  nr«*g«i  to 
that  of  refraictioa  beiiuc  (upoowd  to  be  '^J^  "  "*■  "t*  "•  ^r?'<  '•  >•  '*^' 

*""'  ■tnafntdbolu^dgikitviUolrbiHltiiUOtb 
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on  which  the  perfection  of  re&acfiiig  trumVR,  from  its  originildirectioDB*, 
tekscopei  hu  since  been  fixmd  to  de-  would  be  equal  to  the  deviation  of  the 
pend.  seenu  to  have  preued  itself  for-  nmilu-  raj  in  the  ipectrum  V  R'  from 
ward,  and  eren  to  have  courted  hia  at-  its  original  direction  B' «'.  Such  is  not 
tention  in  the  terf  experinienta  from  the  fant,  and  it  is  almost  inconceivable 
wluch  he  deduced  his  eironeous  condu-  how  Newton,  who  had  avowedly  ex> 
-~  (fig,  32.)  Let  ABC,  A'B'C  aminedthe  spectra  produced,  not  only 
'^     -~  bv  prinni  of  different  kindsofd«ss,l>ut 

abo  by  liquids  contained  in  hoflow  glass 
prisms,  could  have  escaped  aottcing  a 
fcct  that  would  at  once  have  led  him  to 
the  discovery  of  achromatic  telescopes. 

In  &ct  the  prisms  being  circumstanced 
as  we  hare  just  deicribed,  so  as  to  pro- 
duce equal  deflections  of  the  sunbeam 
from  its  original  direction,  the  dilatation 
or  ditperrion  of  the  rays  frvm  each  other, 
and  which  may  be  measured  by  the  di- 
Tetsence  V  B  R,  V  B'  R'  of  the  extrema 
rays,  will  be  different  according  to  the 
Buiterial  of  which  the  prism  is  composed. 
Newton,  on  the  other  hand,  concluded 
•>'■*■■». ^  that  when  the  deflection  of  the  sun's 

■■—..._  ^  beam  by  different  prisms  was  the  same, 
the  dispersion  would  also  be  the  same, 
be  two  prims,  formed  of  diSbvnt  trans-  Had  he  thought  of  measuring  the  lengths 
parent  substances.  Let  SB,  S' B'  t>e  of  spectra  produced  by  different  prisms, 
rays  of  the  sun  falling  on  them  in  pa-  equally  deflecting  the  light,  he  could  not 
raUel  directions.  Let  B  V,  B' V  be  the  have  failed  to  have  found  them  different, 
most  i^-acted  or  violet  light  in  each,  and  would  have  naturally  been  led  to  the 
and  B  R,  B'  R'  the  least  refracted  or  red  discovery  of  achromatic  teleacopes,  as 
light  The  deviation  of  the  rays  from  ^e  shall  now  explain. 
thor  original  direction,  produced  by  the  Since  prisms  of  different  materipli, 
refraction  of  the  prisms,  will  be  dif^nt  ^ith  an  equal  deflection  of  the  l>eam, 
for  each  component  part  of  the  incident  produce  spectra  of  different  lengths,  and 
lif^ht.  Newton  supposed  that  the  de-  since  also  the  length  of  a  spectrum  va- 
Tiations  of  the  diflbrent  coloured  lights  ries  with  the  position  of  the  prism,  or, 
from  the  common  direction  when  inci-  what  is  the  same,  with  the  deflection  of 
dent,  have  to  each  other  a  certain  fixed  the  light,  it  follows  that  if  two  prisma  of 
proportion ;  so  that  with  the  same  aver-  diffennt  materials  be  exposed  to  beams 
age  refraction  or  deviation  from  their  of  the  sun's  light,  one  of  them  may  be 
common  original  direction,  they  would  turned  until  such  a  position  be  given  to 
be  dilated  or  separated  from  each  ottier  it,  that  the  length  it  the  spectrum  pro- 
in  the  same  degree.  This  may  perhaps  duced  by  it  shall  t>e  equal  to  the  length 
be  more  easily  comin^ended  if  thus  of  the  plectrum  produced  by  the  other 
explained.    Let  A  B  C,  A'  B'  C  be  two    prism. 

j»ism8  of  different  mataials,  receiving  In  thif  case  the  deflection  of  the  beam 
parallel  rays  SB,  S'B',  of  solar  light,  by  the  two  prisms  producing  equal 
Let  the  lines  B  M,  B'  M'  divide  the  an-  spectra  must  be  difi^rent,  for  a  not,  as 
gles  V  B  R,  V  B'  R',  formed  by  the  ex-  we  have  before  stated,  the  spectra  vrould 
tremeredaod  viaktraysinloequalpartB,  have  different  lengths.  If  one  of  the 
at  so  that  V  B  M  shall  be  equal  to  prisms  be  inverted  with  respect  to  the 
RBM,  and  alsoV'B'M'  to  B'B'M'.  other,  all  other  things  remaining  the 
Also,  suppose  the  prisms  to  have  such  same,  the  spectra  will  still  keep  the  same 
refracting  angles,  that  the  rays  B  H,  length,  but  the  colours  will  be  reversed. 
B*  M'  shall  be  paralleL  The  deviations  Now  suppose  that  instead  of  transmit- 
of  these  rays,  i  B  M, «'  B'  M',  from  their  ting  different  beams  of  light  throngh  the 
original  directions  B«,  BV  must  be  two  prisms,  the  xmu  beam  be  succm- 
equuL  Under  these  circumstances  New-  sively  tranEuutted  through  Ihem,  the  one 
ton  concluded  that  the  angles  V  B  R  being  placed  behind  the  other,  but  the 
and  V'B'  R'  would  be  equal,  and  that  former  arrangement  beiog  in  all  other 
the  deviation  of  every  ray  in  the  spec-    respects  preserved,  it  is  quite  evidwt    r 
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that  tha  diqMrrioa  of  the  pne  prism  to  be  deipenU,  Aod  ret.  'm  a  letter  t* 
will  have  a  teDdeocj'  to  neutraliie  tha  Mr.  Oldenburg,  dated  Julf,  1672,  three 
diipffiion  of  the  other,  and  that  in  the  jean  befiire  hu  "  discoune  about  light 
beam  emeiviiig  frDQi  the  second  pHiDQ.the  was  written  at  the  desire  of  some  gen- 
prismatic  %hta  will  be  bq  raineled  u  to  tlemen  of  the  Royal  Society.'  \ie  vindi- 
tender  the  emergent  beam  ■)ean]r  colour-  cates  blipself  from  a  charn  of  Dr. 
less.  Tlus  will  appear  (rota  coB^4ering  Hoc^e,  "  who  reprehended  him  for 
that  the  tendency  qf  the  pqe  prism  to  laying  aside  the  thoughts  of  immoring 
disperse  Uie  rays  in  ()ne  way,  bringing  the  optia  by  refractions."  in  the  foUowisK 
violet  ray  highest  and  the  red  Igwest,  is  word) — "  'What  J  said  was  in  reaped  oi 
exadl*  equal  to  the  tendency  of  the  teleacopea  of  the  ordinary  construction, 
other  to  dfaperse  the  li^t  in  the  oppo-  aigntlytng  that  their  improrement  is  not 
aite  way.  tmngingthe  violet  lowest  and  to  be  expected  from  the  well  flguring  of 
the  red  highest.  But  this  mutual  com-  Kiuses,asopticiaqs1itveimagined.  But 
pensation  will  not  obtain  in  the  deflectioi)  I  despaired  not  of  their  improTemeAt  by 
ofthe  light,  |ince  the  power  of  these-  other  constructions,  whichmademe  cau- 
eond  pnsra  to  deflect  downwards  is  not,  tious  to  msert  nothing  that  might  inti- 
tn  it*  actual  position,  equal  to  the  power  mate  the  contraiy.  For  although  su^ 
of  the  first  to  deflect  upwards  ;  so  that  cessive  refractions  which  are  made  all 
the  prism  which  has  the  less  deflecting  in  the  same  way  do  necessarily  more  and 
power  will  destroy  so  much  of  the  de-  more  augment  the  errors  of  the  first  re- 
flecting effect  of  the  other  as  is  equal  to  fraction ;  yet  il  *eemed  not  impoinble 
its  own,  but  an  efieclive  deflection  will  fiir  contrary  r^actioru  to  to  correct 
remain,  by  which  the  beam  will  be  eachol/ter'»iaegualitiei,attomakelhtir 
turned  from  its  original  (Erection.  d^rence  regular,  and  \f  that  could  be 

Thus  we  arrive  at  the  iinpartant  ftct,  convementiji  ^ei;ted,  there  would  be  no 

tttat  a  beam  of  light  ma.y  have  its  direc-  further  dijleutly.    Now  to  this  end  I 

tion  changed  by  refrachon,  so  that  the  examined  what  may  he  done  not  onlyl^ 

directions  of  all  its  component  rayi  shall  siasses  alone,  but  Dy  a  complication  of 

be  equally  chan^,  or  nearW  so,  al-  divers  successive  mediums;   as  by  Ant 

thou^  they  be  dififerently  refrangible,  or  mart  giaaes  or  erytldU,  mfk  loater 

What  may  be  done  by  prisms    may  or  tome  other  fluid  between  than;  all 

also  be  effected  by  lenses ;  and  therefbre  which  may  together  perform  the  offioe  of 

an  object-glass  of  a  telescope  may  be  one  glass,  especially  of  the  object-glass, 

so    conatructed   as  to  collect  all  the  on  whose  oonstruotion  the  p^f^ctkin  of 

rays  of  ditibent  refrangilHlities  nesriy  the  instrument  chiefly   dependiL     But 

to  the  same  tbcns,*  and  thus  an  achro-  what  the  results  in  theory  or  by  trials 

matifl  telescqM  may  be  fbnned.    Such  have  beoi,  I  may  possibly  flnd  a  more 

waa  the  discovery  that  Newton  left  to  proper  oocasion  to  declaiv." 

ad(Hii  a  future  age,  a  discovery  pre-  In  this  passage  he  hints  at  the  prin- 

sented  to  bim  by  hu  own  eipmmento,  a  dple  on  which  achromatic  telescopes 

tkot  rendered  not  improt)abie    by    his  d^iesd,  and  even  the  manner  of  ^>- 

own  reaioning,  oondstent  with  his  own  plying  that  prinoiple  in  their  construc- 

thewy,  and  soliciting  investigation  and  tkin,  and   yet  fifty  years  of  hi*  b(b 

inquiiy  at  almost  every  atep  of  his  own  after  this  employed  in  perftoting  his 

MMarohes,  yet  wfaioh  investigation  and  thaoiy,  seem  only  to  have  confltmcd  his 

inquitj  he  seems,  bj  la  unaccountable  anror. 

pertinacity,  to  have  stqiped  out  of  his  (38.)    Abandoning  all  farther  inquiiy 

way  to  avud.  into  the  methoda  of  improving  vefraeting 

Newton  teems  not  to  have  maintained  tdesoopes,  Newton,  at  the  part  of  his 

an  uniform  opinion  at  all  times  on  tliis  Optica  to  which  we  have  now  arrived, 

point.  The  first  editioo  of  his  Optics  was  proceeds  to  explain  his  contrivances  for 

published  in   1704,  uid  the  second  in  theconstructionof  a  reflecting  telescope. 

1717.    In  twth  of  these  he  pronounces  in  the  end  of  a  tube  he  ^aoed  a  con- 

tfae  improvement  of  reflating  telesoopet  oave  sphwical  reflector,  which  he  con- 
structed of  metal,  and  polished  with  his 


■li>Mriciuti.tiroprimi>ri«uairiiiaEiibriii;  own  hands.  The  image  from  this  wa* 
Fo  ttioatm  »™u,uiy  K,^ft„,  ft,  Uw  (*  ii^Mr.  deflected  by  anoth«-  phne  reflector 
r.it.'l.l'ir-SifSSr/Xu'Sil.SSrSi    pieced  >n  thi  axis  of  the  tut«,  «)  a.  to  be 

-.^.^ii.  -.1 .'..__.'_..  _.    -_  .._ :_.j  1 »e-glass  in  the  sid"  "' 

b  it  was  viewed  by 
ggaits  the  posaituli' 
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rif  |ot  ni  or.  Br  o,t    recdved  by  an  ey»^glass  in  the  side  of 
-1— -.  11,—  ™i™«    y^  („,^  ^  ^jjij, ;,  ^^  viewed  by  the 
obserrw.    He  suggests  the  posaibihly  of 
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Mmtftw^  m  fOffUif*  vB,fc*or  qf  g)«H,  loriSp  propertr  were  «  Tlrtuc  iinp^e4 

H  peipa  m  sgma  re^gg^  pr^ferAhle  to  lo  the  ny  by  the  e^e*  of  the  aperture 

i^lsL  but  does  not  seeqi  to  have  ^ssf-  fHrough  vhicb  the  light  it  wliailted,  oj 

nffl  this  into  etiect.    Newton  nu  fill);  }:|f  the  refracting  medium  through  which 

«if^'pf  0^  ^^^Pif  of  reflectipg  teli»T  jt  bu  pwsedilhis  coul4  not  happen, 

•CDMi compared ^iif  re&^tora,  om^  iDuiDUctjMthecf^ouiiiig  ^uolitj^woultl 

in  the  much  p«ttef  los^  qf  'hght  W  mW  be  in4«It$ndeot  of  the  poutian  of 


nocefidiqg  ^q;  t))ar  ^h^iical  jrarqi,  Bvt  [teili^  ttv  moit  ooKCliuire  at- 
These,  hpweve^  )» thougt^t  tncooideii-  gufiitnt  tuputi^  thii  theoi^  ii  derived 
«ble  when  oompared  wHh  ibow defect*  nt^  th«  experiment  ^(Jai^ied  in  (32). 
of  fhe  r^rttcting  telewppe,  ^hich  pro-  l\  ftpp^WH  m  that  experiment  that  the 
seeded  from  ttie  ^neqtitil  l^fraqgibiUtf  con$nes  of  shadow  produce  no  effect 
cfligt4>  whatever :  for  the  iMJloitr  of  the  whole 
of  the  hgnt  emei^ng  from  the  com- 
pound  prism  is  alwayi  the  some,  that 
ChaptbbV.  t  the  middle  of  the  beam  being  in 
TJie  Theory  qf  Colaurt.  nowise  diff«*iit  from  that  at  tbeW 
'  ^  ders.  Neither  can  the  colour  proceed 
<39.)  Vhi  colours  exhibited  by  refracted  in  thii  case  merely  from  the  action 
sod  refiected  light  were  phenomena  with  of  the  glass,  because  it  changes  from 
which  pmlosbphen  had  been  familiar  white  to  yellow,  orange,  red,  &c,  that 
before  the  time  of  Newton.  These  ef-  action  remaining  the  same.  Besides 
ftcta  were  generally  ascribed  to  the  ac-  this,  the  refractions  being  equal,  and 
tion  of  the  refiecfin^  or  refractuig  body,  in  contrary  directions,  would  mutual!;^ 
■adio  tbaedj^  of  opaque  bodiea  which  destroy  each  other's  e^cts.  It  may 
jnaiked  the  limitt  of  shadow,  in  impart-  Airther  be  argued,  that  if  the  light  owed 
ing  to  the  light  qualities  which  it  did  not  its  colour  to  the  action  of  the  glass,  it 
possets  befin«  encountering  these  bodies,  would  not  have  the  colour  before  its 
Thus  it  was  thought,  that  in  passing  passage  through  the  prism  K  I H ;  yet 
through  glass  or  other  transparent  sub-  it  was  found,  m  that  experiment,  that 
atances  formed  into  a  prism,  the  aolar  when  all  the  coloinrs  in  the  spectrum  P 
beam  is  endued  with  a  virtue  by  the  ac-  were  made  to  vanish,  except  the  red, 
tion  of  the  medium  upon  it.  by  which  it  the  light  producbg  th&t  colour  on  tha 
reddens,  or  otherwise  colours  any  Iwdy  screen  F  was  found  to  produce  the  same 
which  it  afterwards  illuminates.  In  like  colour  on  &  atsreen  which  received  it  t>e- 
manner,  it  was  supposed,  that  in  passing  tween  the  compound  prism  and  K I H, 
the  edge  of  an  opaque  Indy  a  similar  before  it  was  refracted  by  the  latter. 
kSkA  might  be  produced.  Thus  the  light  which  reddens  tlie  screen 
Before  he  proceeds  to  explain  and  P  would  also  redJen  it  if  unrefracted  by 
estal^sh  bis  theory  of  colours,  Newton  the  prism  K I H,  and  tlie  same  may  be 
■bows  thjU  this  hypotheiis  of  his  pcede*  said  of  the  lights  of  other  colours. 
cessors  is  untenable  and  inconsistent  ?rom  these  and,  indeed,  all  other  ex- 
y^ith  facts.  Tbe  coloured  spectrum  be^  periments  whii;h  have  been  described,  it 
ing  produced  by  the  prism  m  the  usual  abundantly  ^pears,  that  "  all  homo- 
way,  the  lights  of  the  several  colours  geneous  light  has  its  proper  colour  an- 
may  be  successively  intercepted  by  the  sweringtoitsdegreeofrefrangibilily,and 
intarposition  of  on  opaque  body,  so  that  that  this  colour  is  unalterable,  either  by 
»n;  one  of  the  colours  may  twund  its  refraction  or  by  reflection."  When  pure 
■hadow.  These  colours  will  remain  uo-  homogeneous  light  of  any  colour  lUu- 
altered  by  thus  passing  the  edge  of  the  minates  a  body,  whatever  the  natural 

3iaque  obstacle  J  and  therefore  he  con-  colour  of  that  body  may  be.  it  will  ap- 

udes  that  the  h^t  in  passing  the  body  pear,  when  so  illuminated,  to  have  the 

Eeceives  no  modiQcation  which  affects  colour  ti  that  light  only  which  shines 

its  colour.  upon  it.    The  apparent  colour  of  the 

Ue  further  shows,  that  the  sqme  light,  body  ip  that  of  the  light  which  it  re- 

i^apted  in  the  same  manoer,  passing  fleets ;  and  it  can  reflect  no  light  but 

the  Kune  opaque  edges,  will  throw  upon  that  which  shines  upon  it.    Thus  if  ■ 

(he  paper  which  it  illuminalei  dilTerent  body  whose  natural  colour  is  blue  be 

colours,  according  to  the  direction  in  placed  in  a  dark  chamber,  and  illumi- 

which  th«  paper  is  placed  with  respect  nated  by  the  red  light  of  the  prismatia 

to  tne  laya.   He  aigaei,  that  if  the  co-  spectrum,  it  will  appear  red ;  and,  (m 
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U»  other  hand,  &  body  vhose  natnral  tinulely  conoeoted  irith  it.    Any  two  of 

colour  ii  red,  Ulumiiuted  in  the  same  the  component  parti  of  solar  tight  which 

WW  with  blue  li^it,  will  appear  blue.  difi^  in  refrangibility,  di2^  also    in 

(40.)Inttiettwof7deriTeabjNewtoa  colour;  and  therefore  the  light  of  the 

from  the  experiments  which  have  been  sun  is  composed  of  various  apedes  of 

eEplained,  the  white  li^t  of  the  ran  is  light  of  different  colours,  the  mixture  of 

■opposed  to  be  compounded  of  several  wtiich  produces  nhiteness. 

component  lights  which  have  qaali^  Newton  next  proceeds  to  determine 

ditferent  each  fi^tm  the  others.    They  the  degrees  of  refraneibility  correspond- 

>re  all  refrangible  accordjug  to  the  same  ing  to  the  rays  of  different  colours.    To 

law  discovered,  by  Snellius  (10);  but,  determine  this  by  experiment,  he  de- 

as  we  have  alieaay  shown,  they  possess  lineated,  on  a  paper,  tne  outline  of  the 

this  quality  in  different  degrees.    Thb  spectrum,  ^.33,  FAPGMT,   and 

proper^  is  accompanied  by  aiiother  in-  refracting  the  sun's  hght  by  a  prism,  as 

Fig.3S. 


iW 
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described  in  p.  IS,  he  bdd  the  paper 
■0  that  the  spectrum  midit  exactly  fall 

SK>n  the  space  marited  out  uj)on  it. 
e  emplOTOl  an  assistant,  whose  per- 
ception of  colours  he  considered  to  be 
better  than  his  own,  who  drew  lines 
across  the  paper,  marking  the  confines 
of  the  sevenJ  cdours.  Thus  a  b  divided 
ther«d  from  the  onuu-e;  ed,  \he  orange 
from  the  yatioto;  ef,Qiej/eliou  from  the 
green  ;gh.  Ok  graeabomtiie  blue  ;ik, 
uiebluemna  the  indigo i  Irn,  tht  indigo 
from  the  violet.  This  eneriment  was 
frequently  repeated  on  the  same,  as 
welt  as  on  di^rent  papers,  and  the 
results  were  found  to  oe  genetally  ao- 
cordant.  Let  G  M  be  drawn  to  X,  so 
that  MX  shall  be  equal  toGM,  the 
■paces  measured  from  G  to  the  sevaal 
boundaries  of  the  cdours  were  fbund  to 
have  the  following  proportion : 
XG,  Xl,Xi.Xg.Xe.  Xe.Xa.Xti. 


from  the  red,  will  be  77l,  771,  771,  77i, 

77|,  77i,  7B,  which  may  be  familiarly 

explained  thus.    Let  A  B,  /f.  34,  be 

FSg.3*, 


I,     I.     li     I.     I,    A, 


The  spaces  measured  alans  the  spec- 
trum occupied  by  the  lights  of  the  several 
colours  may  be  considered  to  measure 
the  differences  of  the  sines  of  refraction 
of  those  rays  having  one  common  sine 
of  incidence.  But  the  proportion  of 
the  sine  of  incidence  to  thid  ol  refraction 
frvm  glass  into  air  has  been  already  as- 
certuned  to  be  50  to  77  for  the  least, 
and  9D  to  78  for  the  most  refrangUile 
my* ;  it  follows,  therefore,  that  if  50  be 
the  common  sine  of  incidence,  the  sines 
of  refraction  lor  the  ran  at  the  bourtda- 
riei  of  the  sevenil  cmonrs,  beginning 

■  TKt  uwlofrgbHiTtil  kj  Nawto*  bttnai  tk* 
ffaporuofl  of  tEoc  iKtrrYala  and  the  Bvuflh  utei- 
Tsb  MHt  bt  niuM  M  Mnh  teoiCBL 


the  snrbce  of  glass  from  which  the  ray 
8 1  passes  at  the  point  I  into  air.  I.et 
the  ray  S I  "be  solar  light  Round  the 
point  I  as  centre  describe  a  circle,  and 
through  I  draw  a  diameter  E  F  perpen- 
dicular to  the  refracting  surface  A  B. 
fVom  the  pmnt  C,  where  the  ray  meets 
this  cirde,  draw  C  D :  this  is  the  sine 
of  incidence.  Let  it  be  divided  into  50 
equal  parts.  Upon  I B  from  I  take  a 
length  1  r*  equal  to  77  such  parts,  and 
draw  r'r  perpendicular  to  IB ;  again, 
take  I  &.  eqaal  to  77i  of  those  parts,  and 
draw  o'o  perpendicular  to  1  B.  In  the 
same  manner,  take  I  y",  I  g',  I  6",  1 1', 
TV,  equal  to  771,  77i,  771,  77J,  7rj,  78 
parts  respectively,  and  draw,  as  before, 

ry,  g'g,  frft,  ft,  (/o.    From  I  draw  1  r, 
3,  I  y,  I  ^,  16,  I  i,  I V.    These  lines 
will  determine  the  directions  of  the  red. 
onutge,  and  the  other  laytconeipiHidiiig 
r   iizedb^GoOgle 
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to  the  different  iegnea  of  refnui^bility;  ivfroctioas  of  both  of  them  into  a  third 

the  ray  1  B  bein^  nCler  refraction  re-  mediun)  be  known. 

wived  into  I  r,  1 0,  Stc  "   These   theorems,"   says   Nevton, 

tfaray  of  light  be  successively  trans-  "bein^  admitted  into  optica,  there  would 
mitted  through  several  transparent  media  be  scope  enoueh  of  haiidlinK  that  sicience 
Imvin^  difFerenl  refracting  powers,  it  volummously  after  a  new  manner;  not 
may  so  happen  that,  on  its  emer^nce  only  tyteacninglhose  Ihin^  which  tend 
from  the  last  of  thesemedia,  ilshall  take  to  the  perfection  of  vision,  but  also  by 
a  direction  parallel  to  that  which  it  had  determining  mathematically  all  kinds  of 
when  incident  upon  the  first  of  them.  In  phenomena  of  colours  which  could  be 
thb  case  the  several  refi'actions  which  produced  liy  refractions.  For  to  do  this 
the  ray  suffers  in  passing  through  the  there  is  nothing  else  requisite  than  to 
media,  compensate  and  neutralise  each  findout  the  separatioas  of  heterogeneous 
other,  so  as  (o  produce,  on  the  whole,  no  rays,  and  their  various  mixtures  and 
deflection  of  the  ray  from  its  original  their  proportions  in  every  mixture.  Bv 
course.  Newton  observed  that,  under  thiswayof  arguing,  linventedalmostaU 
these  circumstances,  whenever  the  inci-  the  phenomena  described  in  these  books, 
dent  raj  was  white,  the  re&acted  ray  besides  some  others  less  necessary  to  the 
was  also  white.  But  he  found,  on  the  argument ;  and  by  the  successes  I  met 
other  hand,  that  if  the  refractive  powers  with  in  the  trials,  I  dare  promise,  that 
of  the  media  were  not  Thus  related,  to  him  who  shall  argue  truly,  and  then 
and  that  a  deflection  of  the  incident  rav  try  all  things  with  good  glasses  and  suf- 
firom  its  original  direction  finally  tooK  ficientcircumspection.theexpectedeTent 
place,  a  separation  of  the  white  ray  into  will  not  be  wanting." 
lis  component  colours  was  produced.  (42.) Althoughcolourisoneofthequa- 
From  these  results  he  inferred  that  the  lities  of  homogeneous  light,  it  is  not,like 
same  succession  of  media,  which  mutu-  the  degree  of  refrangibilih',  a  lest  of  its 
ally  neutralised  the  refractions  of  any  purity  or  homogeneity.  For  compound 
one  species  of  homogeneous  light,  also  lights  may  t>e  produced,  the  tints  of 
neutralised  them  on  all  the  others,  so  wnich  will  not  be  distinguishable  from 
that  if  one  component  part  of  the  solar  those  of  homogeneous  Ugnt  If  the  red 
twam  emerged  parallel  to  its  incident  and  yellow  lights  produced  b;^  a  prism 
direction,  all  the  others  would  emerge  be  projected  on  the  same  white  paper, 
with  it  in  the  same  directions,  thus  form-  they  will  give  it  an  orange  tint,  precisely 
ing  an  emergent  white  beam.  But,  on  the  same  as  the  pure  homogeneous 
the  other  hai^,  that  if  on  the  <ffhole  any  orange  light,  which  lies  Itetween  the  red 
deflection  of  the  incident  beam  were  and  yellow  lights  in  the  spectrum.  If 
finally  produced,  such  deflection  would  another  white  paper  be  illuminated  by 
be  different  for  the  different  component  this  pure  orange  light,  it  will  have  ex- 
lights;  and,  therefore,  a  decompositioa  actlj  the  same  appearance  as  to  colour 
or  dispersion  would  ensue.  as  the  paper  which  receives  the  com- 

(41.)  From  these  facts  experimentally  pound  light.     But  if  these  two  papers 

exhitHted,Newtoninferred,by  mathema-  thus  illuminated  be  viewed  from  a  dift- 

tical  reasoning,  the  following  theorems :  tance  through  a  prism,  it  will  be  found 

I.  The  differences  between  the  sines  that  no  change  will  take  place  in  the  an- 
of  incidence  and  refraction,  when  the  pearance  of  the  paper  illuminated  twine 
ray  passes  from  several  different  media  pure  orange  light,  while  that  which  re- 
intothe  same  medium,  ore  to  one  another  ceives  the  compound  light  wiil  be  divided 
in  a  given  proportion.  into  two  images  ofifs  component  colours, 

II.  The  proportion  of  the  sines  of  in-  red  and  yellow.  In  the  same  manner 
eidence  and  refraction  for  any  one  species  any  two  alternate  colours  in  the  spec- 
of  homogeneous  light  from  one  medium  trum  will,  by  their  mixture,  produce  the 
into  another,  is  composed  of  the  proper-  intermediate  tint.  Thus  blue  and  yellow 
tionsofthesesinesfrom  the  first  medmm  will  produce  green,  and  so  on. 

into  any  third  medium,  and  from  that  (4a.)"  Whiteness,  and  all  grey  colours 

third  medium  into  the  second  medium.  between  white  and  black,  are  formed  by 

By  the  first  of  these  theorems,  the  re-  mixtures  of  all  Oie  colours ;  and  the 

fractions  of  all  sorts  of  rnys  from  any  whiteness    of  the  sun's  light  is  com- 

roedium  into  wr  may  be  lound,  if  the  pounded   of  all   the   prismatic   colours 

refraction  of  any  one  sort  be  knovrn.  By  mixed  in  a  due  proportion."    The  expe- 

the  latter,  the  refraction  out  of  one  me-  riments  by  which  Newton  verified  and 

diuni  into  another  may  be  found,  if  the  established  this  important  propoution. 
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are  chartoleriBed  with  *uch  ■ing:ulej-  ele- 
gance and  ingenuity,  tliat  wa  shall  not 
apologise  [or  giving  the  particulars  of 

atic  spec 
n  a  screen,  «  white  paper 
before  it,  in  such  &  manner  as  not  to  in- 
teroept  the  rays  from  the  prism,  and  so 
that  the  paper  should  be  aa  nearly  as 
posBible  equally  distant  from  all  the 
eoloiirs.  Under  these  cireumstances,  the 
paper  appeared  white.  The  colours  wliich 
produced  thi»  while  were  evidently  the 
■everal  colours  of  the  spectrum  re&eated 
from  the  screoa  upon  the  pa{)er,  and 


consequently  reflected  in  the  same  pro- 
portions as  f  hey  hold  in  the  spectrum  it- 
self; from  whence  we  may  infer  that  the 
mixture  of  these  colours  produces  vihile. 
If  any  of  the  colours  of  the  spectrum  be 
intercepted,  the  paper  will  appear  to  be 
illuminated  with  that  colour  which  would 
be  produced  by  the  mixture  of  those 
which  remain;  a  circumstance  which 
further  confirms  the  inference,  that  the 
while  produced,  when  no  light  is  inter- 
cepted, is  the  consequence  of  the  mix- 
ture of  all  the  colours. 

Let  the   spectrum^.  35,   be   pro- 
Jeoled  upon  a  lens  M  N,  which  will 


4 


cause  the  coloured  iight  to  converge  to 
its  focus  G,  and  there  to  fall  «i  while 
paper.  Ifthe  paper  thus  illuminated  be 
inoved  to  and  from  the  lens,  it  will  be 
found  that  when  near  the  lens  the  paper 
will  be  intensely  coloured.  As  ils  dis- 
tance from  the  lena  is  increased,  the  co- 
lours ivill  seem  to  approach  each  other, 
and  be  collected  into  a  smaller  space, 
until  at  last,  at  the  focus  G,  they  will  be 
collected  and  perfectly  mixed  together: 
here  the  illuminated  spot  on  the  paper 


rays  which  before  converged,  having 
crossed  each  other  at  the  focus  G,  will 
now  diverge.  The  colours  also  will  be 
inverted,  those  rays  which  were  above  in 
the  former  case  bebg  now  below,  and 
vicevertA. 

Let  the  paper  be  now  placed  at  the 
focus,  so  as  to  l)e  illuminated  with  while 
light  fi^e  from  colour.  We  are  to  prove 
that  this  whiteness  arises  from  the  ad- 
mixture of  all  the  coloured  lights  of  the 
Siectrum  in  their  due  proportions.  Let 
1  the  colours  except  the  red  be  inter- 
cepted by  an  opaque  screen,  placed  he- 
tween  the  prism  and  the  lens.  The  spot 
on  the  paper  wiU  now  appear  red.  By 
raisiiw  the  icreen  let  the  orange  be  ad- 
mitted with  the  red  through  the  lens. 
The  spot  on  the  paper  will  now  take  a 
tint  which  would  be  produced  by  a  mix- 
ture of  red  and  orange.    Again,  let  the 


fellow  light  be  admitted,  and  a  similar 
result  wm  t>e  obtained,  the  colour  being 
one  which  would  be  produced  by  the 
mixture  of  red,  orange,  and  yellow.  In 
a  word,  let  any  number  of  the  prismalio 
colours  be  intercepted  t>etween  the  lens 
and  Ihe  prism,  and  the  colour  on  the 
paper  will  be  that  due  to  the  mixture  of 
those  colours  which  are  not  intercepted. 
i'xQTn  which  we  infer  thai  if  no  colour 
lie  intercepted,  the  white  light  on  the 

Saper  must  arise  fiOQi  the  mixture  of  all 
le  colours. 

I^t  X  Y,  fig.  36,  be  an  instrument 
formed  hke  a  comb,  with  teelh  about  an 
inch  and  a  half  broad,  at  intervals  of 
about  two  inches  asunder.  By  inter- 
posing successively  the  teeth  of  this  in- 
strument between  the  prism  and  the 
lena,  a  part  of  Ihe  colours  was  inter- 
cepted, while  the  rest  went  through  be- 
tween the  teeth.  The  teeth  of  this  in- 
strument being  passed  before  the  lens, 
all  the  colours  are  successively  thrown 
upon  the  paper.  Now,  when  this  mo- 
tion is  rapid,  so  that  the  colours  on  the 
paper  succeed  each  other  in  very  quick 
succession,  the  eye  loses  all  sense  of  co- 
lour, and  the  paper  appears  white.  Vet 
it  is  certain  that  the  paper  is  not  at  any 
instant  white.  In  this  case  the  percep- 
tion of  whiteness  is  produced  by  the 
continuance  of  the  impression  which 
each  colour  makes  upon  the  sense  of 
sight,  until  ail  the  otner  colours  have 
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UkevriK  afEbeted  the  organ.  The  effect 
ii  thus  compounded  of  the  iDfluencei 
of  the  aeveral  colours  upon  the  eye,  as 
much  BM  if  they  all  dSected  it  at  the 
some  moment. 

(44.)  In  this  explication  of  the  pheno- 
inenon  just  described,  we  asBume  tne  fact, 
that  when  a  visible  object  aStels  the  eye, 
it  continues  to  be  perceived  after  it  has 
ceased  to  be  present.  Thus,  if  a  light 
be  suddenly  extinguished,  the  light  itself 
and  all  the  objects  which  it  rendered 
visible  continue  to  be  seen  for  a  certain 
ihort  space  of  time  after  the  extinction. 
This  curious  fact  admits  of  very  simple 
proof.    If  a  burning  coal  or  lighted  stick 


be  moved  rapidly  in  a  circle,  it  nill  be 

seen  in  every  part  of  the  circle  at  once, 
so  as  to  have  the  appearance  of  a  ring 
of  fire ;  which  proves  that  Ihe  impres- 
sion which  the  liRht  in  oi^e  part  of  the 
circle  makes  upon  the  eye,  continues 
until  it  returns  again  to  Ihe  same  part  of 
the  circle,  lo  make  another  impression. 
The  colours  of  the  spectrum  may  be 
recomposed,  so  as  to  form  white  light,  by 
a  second  prism,  instead  of  the  lens  men- 
tioned in  the  last  experiment.  Let  RV, 
fig.  37,  be  the  spectrum  formed  by  the 
prism  ABC,  and  let  this  be  viewed 
through  another  prism  abe,  placed  in 
inch  a  manner  that  the  rays  nhich  con- 


verge from  RV  will  be  received  aa  if 
they  emerged  from  a  orcular  image  at 

Ihe  sun  at  t.  In  this  case  the  rays  enter 
Ibe  eye  exactly  as  they  would  if  it  were 
placed  before  the  ^wrture  F,  and  pre- 
sented towards  iL  The  colours  pro- 
ceeding trom  RVare  thus  mixed  on 
entering  the  eye,  and  appear  while. 

If  any  of  tite  colours  of  the  spectrum 
RV  be  removed  by  intn-cepting  a  part 
gf  the  Ught  between  RV  and  (Be  prum 


ceived  through  the  prism  abe,  will  be 
that  which  would  be  formed  by  the  mix- 
ture of  the  remaining  colours.  But  if 
the  comb  mentioned  m  the  last  experi- 
ment be  quickly  moved  between  RV 
and  ABC,  so  aa  to  throw  the  several 
colours  on  the  screen  in  rapid  suc- 
cession, the  eye  will  again  perceive 
white,  for  the  reason  alreany  explained. 
The  same  result  waa  obtained  by  va- 
1J2    OO^ic 
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rious  other  means,  luch  u  projecting 
KTeral  spetrtra.  produced  by  different 
prisms,  on  the  same  part  of  the  tame 
pxoer,  by  movint;  several  spectra  ra- 

fiialy  up  and  dovcn.  Sec.  &c.  In  all 
hpse  cases  the  coloun  submitted  to  ex- 
periment were,  however,  prUmaHe.  To 
establish  his  theory  more  completely, 
Newton  now  proce»ls  to  innuire  whether 
the  colours  of  natural  bodies  were  en- 
dued with  qualities  similar  in  all  respects 
to  thoae  of  prismatic  li^hL  To  accom- 
plish tliis,  having  procured  powders  of 
colours  similar  (□  those  of  the  speclrum, 
he  mixed  them  together  as  nearly  as 
possible  in  the  proportion  which  they 
were  found  to  hold  in  the  spectrum. 
He  found  that  the  mixture  was  not  a 

{lure  white,  such  as  that  produced  by 
he  composition  of  the  prismatic  colours, 
but  was  a  dim,  greyisli  white;  such,  in 
fact,  as  would  be  produced  by  mixing  a 
small  quantity  of  black  with  a  pure 
brilliant  white. 

(45.)  It  was  not  difficult  to  account 
for  this  circumstance,  which  Newton 
appears  even  to  have  foreseen.  The  co- 
lours of  natural  bodies  arise  h-om  a  qua- 
lily,  in  virtue  of  which  they  reflect  one 
component  part  of  the  solar  bettm  more 
copiously  than  the  others,  and  therefore 
affect  the  sense  of  sight  with  the  colour 
so  reflected.  Thus  a  body  which  ire 
call  red,  is  one  which  reflects  a  very 
large  portion  of  the  red  light  of  the  solu- 
beam,  and  ahsorbs  nearly  the  whole  of 
the  other  six  colours.  But  it  is  found 
that  no  body  reflects  the  light  of  its 

a  per  colour  so  copiously  as  a  white 
y  would  reflect  the  same  light.  If  a 
white  and  a  red  object  be  placed  beside 
each  other  in  a  dark  room,  and  both  be 
illuminated  with  red  homogeneous  light, 
by  means  of  a  prism,  the  white  object 
will  be  more  intensely  red  than  the 
red  one. 

(46.)  Since  then  coloured  bodies  do  not 
any  of  them  reflect  all  the  light  of  their 
proper  colour,  we  are  not  to  expect  by 
their  mixture  to  obtain  a  clear  white, 
but  rather  such  an  obscure  white  as 
would  result  from  imperfect  illumina- 
tion. That  the  colour  produced  bymix- 
ing  powders  in  the  manneralreadyraen* 
tioned  is  exactly  of  this  kind,  Newton 
proved  by  the  following  ingenious  ex- 
periment. 

He  placed  the  mixture  of  powders  on 
the  floor  of  the  chamber,  and  beside  it  a 
piece  of  white  paper.  The  room  twitig 
darkened,  a  beam  of  light  was  admitted, 
SO  u  to  illuminate  intensely  the  powder, 


the  white  paper  remaining  near  it,  but  in 
the  shade.  Viewing  them  from  a  dii- 
tanne,  he  could  perceive  no  difitrence, 
both  appearing  to  have  exactly  the  same 
whiteness.  Another  person  happened  to 
enter  the  room  during  the  experiment, 
and  Newton,  without  informing  him  of 
the  previous  airangemenl,  asked  him, 
''Which  of  the  two  whites  were  the  bet- 
ter, and  in  what  they  differed  ?"  After  he 
had  deliberately  viewed  them,  he  an- 
swered, "  That  both  were  good  whites, 
that  he  could  not  say  which  was  better, 
nor  wherein  they  differed."  Thus  it  was 
evident  that  the  colour  produced  by  the 
mixture  of  the  powders  was  a  true  white, 
but  only  deficient  in  the  degree  of  white- 
ness ;  just  as  twilieht  is  as  true  a  light  as 
broad  sunshine,  differing  from  it  only  in 
quantity. 

(47.J  Having  establi.ihed  the  impoHant 
fact,  that  toAi'te  must  result  from  the  mix- 
ture of  all  the  colours  of  the  spectrum  in 
the  proper  proportions,  Newton  proceeds 
to  the  consideration  of  the  more  general 
question  as  to  the  colour  which  would 
result  from  the  composition  of  any  given 
colours  in  any  aEsigned  proportion.  For 
tnis  problem  he  gives  the  following  vety 
ingenious  solution. 

With    Ihe   centre   0,  Jig.  38.   and  a 

radius  0  D,  describe  a  circle  A  D  F,  and 

let  the  circumference  of  this  circle  be 

divided  into  447  equalparts.  TakeAB, 

Fig.  38. 


and  the  remaining  part,  GA,  will  conse- 
quently consist  of  80  parts.  Lettheiirst 
part  AB  represent  a  red  colour;  the 
second  B  C  an  orange;  the  third  C  D  a 
yelioiD,  and  so  on  in  Ihe  order  of  the 
spectrum.  I^t  it  be  conceived  that 
these  are  all  the  colours  of  uncom- 
pouDded  light  gmdoallj'  paising  one  into 


OF  NEWTON'S  OPTICS. 

D  the  apeelrum,  and  atified ;  the  _ 

tffect,  the  circumference  of  hue,  and  of  the  more  refran^le  apedei, 

the  circle  will  exhibit,  u  it  were,  a  rutmd  are  copiouity  reflected,  and  produce  in 

prismatic  spectrum.  By  the  priuciptea  of  the  spectator  the  effect  nhicb  in  ordinai; 

mecliaiuci,  let  the  centres  of  gravity  of  language  is  denominated  the  videt  colour 

the  arcs  A  B,  B  C,  Sec.  lie  r^)ecti¥ely  of  the  object. 

found,  and  let  these  points  be  r,  o,  y,  g.  Several  ingenioiu  experiments  support 
b,  I,  and  v.  Now,  suppose  that  it  t)e  re-  this  reasoning,  A  natural  object,  what- 
quired  to  determine  the  tint  which  would  ever  be  its  colour,  will,  if  placed  in  ho- 
result  from  the  mixture  of  red,  green,  mogeneous  light,  take  for  the  time  the 
and  blue,  in  certain  given  proportions,  colour  of  that  light,  proving  thereby  its 
l«t  circles  be  described  round  the  points  capability  of  reflectiiig,  in  vtme  degret, 
r,  g.  and  b,  the  magnitudes  of  which  are  lights  of  all  colours.  But  when  it  is 
to  De  made  proportional  to  the  quanti-  placed  in  homogeneous  light  of  its  own 
ties  of  the  three  colours  in  the  proposed  colour,  it  will  appear  much  more  re- 
mixture.  Let  the  common  centre  of  splendent  than  in  light  of  any  other 
f^avily  of  these  circles  be  found,  and  let  colour.  Hence  we  infer  tluLt  it  possesses 
it  be  m;  and  from  the  centre  O  through  a  capability  of  refiecting  light  of  its  own 
ffl  draw  Cm,  to  meet  the  circle  at  t.  The'  colour  more  abundantly  than  light  of 
colour  at  the  point  (  will  be  the  tint  any  other  colour.  TTius  cinnabar,  a  red 
lought,  and  the  line  Om  will  represent  substance,  placed  in  homogeneous  red 
"its  fullness,  or  intensity,  that  is,  its  light,  exhibits  a  splendid  red;  let  it, 
distance  from  whiteness."  Thus,  if  t  however,  l>e  illuminated  with  green  or 
should  fall  exactly  in  the  middle  of  any  blue  light,  and  it  will  assume  these 
of  the  arcs,  A  B,  B  C,  &c.  the  tint  wiU  colours,  but  with  great  &intness. 
be  the  purest  of  the  corresponding  co-  The  colours  of  transparent  liquort 
lour;  but  if  it  tie  distant  &om  the  middle  vary  with  their  thickness.  If  a  red 
point,  it  will  partake  of  the  colour  which  liquor  be  poured  into  a  glass  of  conical 
occupies  the  next  arc,  towards  which  it  or  tapering  shape,  and  held  between  the 
lies.  Again,  if  m  fall  on  the  centre  0,  light  and  the  eye,  it  will  appear  of  a  pala 
the  colour  will  be,  as  it  were,  infinitely  dilute  yellow  at  the  oarrowesf  part  of  the 
diluted,  and  will  \x  a  perfect  white ;  but,  glass ;  a  httle  higher,  where  the  glass  is 
on  the  oilier  band,  the  nearer  m  is  to  the  wider,  it  becomes  orange ;  higher  still  it 
circumrerence,  the  more  intense  and  becomes  red;  and,  finallv,  in  the  widest 
fiorid  the  tint  will  be.  part,  exhibits  a  deep  dark  red.     We 

Newton  conceived  this  method  to  be  must,  therefore,  infer  that  a  small  quan- 

EuiBciently  accurate    for   practice,    al-  tily,  or  thickness  of  the  liquor,  intercepts 

though  not  mathematically  true.    This  a  portion  of  the  violet  and  indigo  rays, 

is  a  subject,  however,  in  which  much  im-  so  that  the  remaining  rays  which  it  trans- 

provement  has  been  introduced  in  later  mits   form  a  pale   yellow.      A  greater 

times.     It  would  not  be  to  our  purpose  quantity  of  the  liquor,  besides  stopping 

liere  to  enter  upon  it,  our  desi^  being  the  violet  and  indigo,  also  arrests  the  blue 

merely  to  present  to  the  reader  in  a  po-  rays,  and  a  part  of  the  green,  transmit- 

pular  form  a  sketch  of  the  labours  of  ting  the  other  component  parts  of  light, 

Newton  in  Xhe'tcience  of  light.    Those  themixtureof  whichproduces  an  oran^, 

who  desire  a  short  account  of  the  mo-  A  still  greater  quantity  of  the  fluid  will 

dem  discoveries,  will  find  one  in  the  ad-  intercept  all  the  green,  and  a  great  part 

mirable  article  on  Lioht,  by  Mr.  Her-  of  the  yellow,  so  that  the  transmitted 

Bchel,  in  the  Encyclopedia  Metropoli-  light  approaches  to  a  red,  becoming  a 

tana.  deep  dark  red,  when  the  quantity  of  the 

In  applying  his  theory  of  light  to  ex-  fluid  is  so  great  as  to  absorb  the  whole 

plain  the  phenomens  of  the  colours  of  of  the  orange  light. 
natural  bodies,  Newton  assumes,  "  that       We  have  in  this  description  assumed 

every  body  reflects  the  rays  of  its  own  several  distinct  effects,  but  the  change! 

colour  more  copiously  than  the  rest,  and  of  colour  are  not  sudden,  but  take  place 

derives  its  colour  from  their  excess,  or  by  an  imperceptible  gradation,  an  ob- 

predominance,  in  the  reflected  light."  vious  consequence  of  the  tapering  form 

Vhen  a  beam  of  solar  lljght  falls  upon  a  of  the  glass.    If  (he  glass  were  formed 

violet,  a  decomposition  immediately  en-  of  a  number  of  cylinders  rising  one  above 

■ues.  The  red  rays,  and  those  of  the  less  another,  the  diameter  of  each  exceeding 

refrangible  character,  are  either  trans-  that  below  it  by  a  certain  magnitude,  the 

mitted  tlirough  the  body,  or  absorbed  changes  of  colour  would  be  sudden  and 
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distinct;  and  the  Hduid  in  ekch  cylinder    the    in^nious    manner  in  whWi   QM 
would  present,  in  the  Tertical  direction,    theory  is  shown  lo  account  tnr  it. 


Let  HKG.  rtf  .39,  be  a  prism  placed  1«- 
fore  an  open  window,  mth  its  base  H  E I G 


ait  uniform  colour. 

(48.)  Connected  with  the  power  of  trans- 
parent liquids  to  reflect  and  transttiit  the 
different  component  parts  of  solar  light, 
Newfon  mentions  two  very  remarkable 
facts  noticed  Ijy  Halley  and  Hooke,  but 
which  these  eminent  philosophers  were 
unable  to  exj^ain.  Halley,  haTing  de- 
scended In  a  diving  t>ell  to  the  depth  of 
several  fathonu  in  the  sea,  observed, 
upon  holding  his  hand  in  the  sun^s  lifiht, 
which  penetrated  the  water,  and  shone 
into  the  bel!  through  a  small  glass  win- 
dow in  the  top,  that  the  tight  upon  his 
hand  viasred.  Whereupon  he  examined 
thelotrer  part  of  his  hand  illuminated  bv 
light  reflected  from  the  water  below,  and 
found  it  green.  This  circumstance  is 
thus  accounted  for  liV  Newton,    The 

sea-waler  reflects  bacli  the  violet  and  horiiontal,  the  foceFKGI  presented 

blueraysmosteasily,  and  transmits  most  to  the  li^t  of  the  clouds,  and  let  Ihe 

copiously  the  red.     In  the  sun's  light  base  be  viewed  through  the  face  FKHfc 

transmitted  to  consideratile  depths,  the  by  an  eye  at  S.    The  base  H  E I G  will 

red  rays  therefore  predominating,  objects  now  be  observed  tol>e  separated  into  two 

illuminated  by  them  assume  a  fed  liue.  parts   by   a    beautiful   tridescent    arch. 

At  depths  to  which  the  violet  rays  cannot  formed    of  colours  of  violet  and  bluish 

penetrate,   the    reflection    of  the    blue,  tints.     This  arch  is  coOcave  towards  the 

irreen,  and  yellow  light   separated  from  eye,  and  that  part  of  the  base  wliich  is 

me  red,  which  is  transmitted,  must  com-  towards  the  edge  I  Q,  or  above  the  arch, 

pound  a  green.  exhibits  a  most  vivid  reflection  of  the 

Two  liquids  may  be  obtained,  one  of  firmament,  not  yielding;  in  splendour  to 

which  transmits  the  rays  of  the  red  the  direct  view  of  the  heavens.    On  the 

character,  and  the  other  those  of  Ihe  other  hand,  Ihe  lower  division  of  the 

blue,  the  former  intercepting  the  bluish  base  next  the  edge  E  H.  i^jpears  nearly 

light,  and  the  latter  tlie  red.     If  twlh  dark,  reflecting  but  a  very  smaUpoition 

liquids  be  placed  between  a  spectator  and  of  the  light  incident  upon  it.    The  arch 

the  light,  they   will  be  found  perfectly  next  this  sombre  space  is  fringed  with  a 

opaque,  although  either  alone  is  trans-  violet  colour,  which  is  gradually  tinted 

parent.    This  is  evident,  since  all  the  off  into  a  vivid  blue  towards  the  convex 

rays  which  can  be  transnlitted  by  either  edge,  which  Iraunds  the  bright  part  of  the 

are  intercepted   by  the   other.      Hooke  base. 

casually,  and  without  anticipating  or  ex-  To  account  for  this  curiouaphenomenon, 
pecting  the  result,  actually  tried  this  ex-  it  must  be  remembered  that  the  diflerent 
periment  tie  filled  two  hollow  glass  parta  of  solar  light  are  differently  re- 
wedges,  one  with  a  red,  and  the  other  flexible;  also.that  when  rays  of  light  are 
with  a  blue  liquor.  On  placing  the  incident  on  the  base  of  a  prism,  having 
wedges  together,  and  looking  through  previously  passed  through  its  side,  there 
them  at  the  light,  he  found  them  abso-  are  certam  angles  of  obliquity  at  which 
lately  opaque.  it  will  be  impossible  for  the  rays  to  pass 
(49.)  We  have  explained,  according  to  through  the  base,  and  they  will  then  be 
Ihe  Newtonian  theory,  the  most  striking  reflected.  The  limit  of  obliquity  at  which 
phenomena  of  coloured  lights  produced  t he v  will  cease  to  penetrate  the  base,  and 
hy  prisms,  "the  explication  of  others  wilt  be  reflected,  depends  ontheird^ree 
will  be  found  in  every  elementary  treatise  of  refrangibility.  The  most  refrangible, 
on  optics.  One  vety  singular  prismatic  andconsequentlythemostreflexiblerays, 
phenomenon,  however,  still  remains  to  lie  are  the  violet,  next  to  these  the  indigo, 
tioliced,  and  is  entitled  to  attention,  as  then  the  blue,  and  so  on  through  the 
well  for  the  strong  confirmation  of  New-  other  colours  of  the  spectrum,  tlie  red 
toll's  theory  which  it  furnishes,  as  from  1>cing  least  reflexiblA.    I^et  HEIG  be 
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the  base  of  the  pilnn.  Froni  Ihe  eye,  let  this  subject  has  been  already  fullj  dis- 
linesbe  supposed  lobe  drawn  to  Ihe  base,  cussed  in  our  treatises  on  Opiics  accord- 
inclined  to  it  at  that  ang-le  which  limits  ing  to  the  same  principles,  and  inexsctlj 
the  reflexion  of  the  violet  light  These  the  same  manner  m  it  it  treated  br 
linesbeingallequalljrindinedtolhebase,  Newton,  it  it  not  DeoetsUT to  repeat  it 
must  meet  it  at  points  which  lie  in  the  here, 
arc  of  a  circle.  Let  this  arch  beVV, 
j^.  40.    Again,  let  lines  be  drawn  at  the  Cbattxr  Vt. 

^M  .  On  the  phenomena  exhibited  6y  Min 

'  -  iraniparenl  platet— the  theory  0/ the 

nta  of  eiuy  reflexion  and  tTonimiirion 
deduced  from  tkete  phenomena. 
(50.)  Ths  first  book  of  Newton's  Optiei 
contains  the  discussions  which  have 
been  detailed  in  the  last  four  chapters. 
In  these  investi^tions  a  ny  of  light 
upon  its  impact  on  Ihe  surface  of  any 
medium  is  considered  to  undergo  one 
of  two  effecis,  vii.  either  to  pass  into  the 
medium  on  which  it  impin^s  in  a  deler- 
limlting  an^e  of  the  indi^  ravs.  'Diis  minate  direction,  in  which  direction  it  is 
angle  being  less  than  that  for  the  violet,  supposed  to  persevere  thraush  the  entire 
the  corresponding  arc  1 1'  will  be  beyond  medium ;  or  to  be  reflected  back  from 
V  v.  In  the  same  manner  the  limiting  the  surface  into  the  medium  from  whence 
ares  B  B',  G  G',  Y  Y',  O  O'.  R  R',  eor-  it  came,  following  also  and  perseveiing 
.  responding  to  the  other  prismatic  lights,  in  a  rectilinear  course.  We  are  now 
blue,  green,  &c.  may  be  drawn.  about  to  accompany  this  great  scrutineer 

It  follows  then,  that  all  the  violet  rays  of  nature  through  a  more  subtle  analvBis 
in  the  solar  liRht  will  be  reflected  from  of  the  process  to  i*hich  a  l>eam  of  light 
the  part  of  the  ba.^e  of  the  prism  whose  is  submitted  when  it  encounters  Ihe  sur- 
boundary  is  V  V  G I ;  all  the  indim  face  which  separates  two  med^  of  dif- 
fromll'GI;  alltheblueframBB'GI;  ferent  deniitiei. 
all  the  green  from  GG'GI;   all  the        Ifitwere  posaible  to  divide  the  me- 

K'low  from  YY'Gt;  all  the  orange  dium  which  a  ray  of  light  penetrates 
m  0  O'  G  I,  and  aJl  the  red  from  into  a  series  of  plates,  the  thickness  of 
RR'GT.  Hence  it  appears  that  the  which  should  be  minute  to  an  extreme 
apace  tietween  the  arcs,  V  V  and  [  I',  is  degree,  and  to  examine  the  state  of  the 
illuminated  with  a  pure  violet  light  only ;  ray  during  its  transmission  through 
that  between  1 1'  aud  B  B'  is  illuminated  each  of  them,  we  should  attain  the  end 
by  both  violet  and  indigo  mixed ;  be-  whith  we  desire.  Although  it  would 
tneen  B  B'  and  G  G'  there  is  a  mixture  perhaps  be  difficult  to  effect  this  very 
of  violet,  indigo,  and  blue ;  between  minute  subdivision  by  direct  mechanicu 
OG'  and  YY'  is  a  mixture  of  the  former  means,  yet  numerous  expedients  present 
colours,  with  the  addition  of  creen ;  from  themselves,  and  those  too  of  a  character 
Y  Y' to  OO',  yellow  is  added  to  the  com-  sufficiently  familiar,  by  which  the  phe- 
pound;  the  next  arched  band  introduces  nomena  in  question  may  t>e  brought 
orange,  and  the  last  the  red.  Noiv  the  under  examination.  Indeed,  these  phei- 
last  mixture  constitutes  a  pure  white,  nomena  were  long  the  subjects  of  daily 
The  former  also  a  white,  but  one  which,  observation,  and  may  almost  be  said  to 
beingdeprivedof  the  pure  red  rays,  takes  have  been  the  sport  and  toy  of  children: 
a  faint  tint  approaching  a  bluish  colour,  but,  like  many  other  natural  efifeels,  riot 
but  which  is  not  distinguishable  from  a  less  wonderful,  which  are  continually 
perfect  white.  In  the  next  space  the  red  passing  under  our  eyes,  they  had  failed 
and  orange  being  removed,  the  mixture  to  excite  Ihe  attention  or  stimulate  the 
produces  a  greenish  blue,  which  rapidly  curiosity  of  those  who,  by  faculties  and 
deepens,  and  becomes  a   strong  blue,    acquirements,  were  quahtled  to  Iwhold 


when  the  yellow  rays  are  removed.    The 
a  towards  its  inner  termination 

Newton  next  applies  his  theory 


them  manifestations  of  Ihe  It 
principles  on  which  the  works  of  nature 
are  constructed. 

(31.)    If  a  small  quantity  of  soap  be 


plain  the  phenomena  of  rainbows.    As    nused  nith  wateri  the  latter  acquires  a 
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tenuiouf  or  glnlinoni  quality,  in  virtue  andfiucluatin^natuTeof  a  water-bubble 
of  which  it  may  be  blown  into  bubbles,  renders  it  an  raconvenient  object  of  ex- 
or  it  may  be  thrown  into  that  state  by  perimeDtal  inquiry.  Glasi  is  better,  but 
men  agitation.  Every  one  is  familiar  still  is  difficult  to  procure,  end  lo  retain 
with  the  various  colours  whicli  these  in  the  highly  attenuated  state  which  i» 
bubbles  reflect.  Similar  appearances  necessary  to  manifest  the  desired  effects, 
are  exhibited  by  glass  when  blown  into  By  the  following  contrivance,  Newton 
bubbles  of  sufficient  tenuity.  Since  these  rendered  oi'r,  though  at  the  ^rst  view 
eSents  are  not  produced  when  the  bound-  an  unpromising  Bf;ent,  available  for  the 
ing  surfaces  of  the  medium  are  more  purposes  of  deliberate  and  close  ezperi- 
distant  from  one  another,  we  are  com-  mental  observation. 
celled  to  suppose  that  when  the  light  He  prociffed  a  double  convex  lens, 
first  enters  the  transparent  medium,  it  is  the  object-glass  of  a  fifty  foot  telescope, 
put  inio  some  state  in  which  it  does  not  and  consequently  havini;  a  degree  of 
continue  durinejts  entire  course  through  convexity  so  small  as  to  he  scarcely  per- 
the  medium.  This  inference  is  as  sin-  ceptible.  On  (his  he  placed  the  plane 
sular  and  important  as  it  is  inevitable,  surface  of  another  tens,  so  that  the  two 
Suppose  that  the  t(^'0  surfaces  of  water  surfaces  were  in  absolute  contact  at  the 
impregnated  with  soap  were  at  a  dis-  centre,  the  distance  between  Ihem  in- 
tance  of  one  inch  asunder — a  ray  of  creasingwiththeincreaseddistancefroin 
light  entering  the  first  surface  perpen-  that  centre.  A  lens  of  air  was  thus  in- 
dicularly,  would  penetrate  the  water,  and  closed  between  two  glass  lenses.  This 
passing  through  the  second  surface,  air  lens  was  plane  on  one  side  and  con- 
would  issue  from  the  water  at  the  other  cave  on  the  other,  losing  all  thickness 
side,  preserving  its  original  direction,  at  the  centre  at  which  may  be  conceived 
Now,  suppose  that  the  second  surface  an  infinitely  small  space,  filled  by  the 
of  the  water,  instead  of  intercepting  the  point  of  contact  of^  the  glass  lenses. 
course  of  the  ray  at  the  distance  of  an  Taking  this  point  of  contact  as  a  centre, 
inch  from  the  first  surface,  meets  it  at  a  let  us  suppose  a  numt>er  of  concentric 
distance  from  that  surface,  equal  to  the  circles  to  be  traced  on  the  lenses  as 
thickness  of  a  certain  part  of  the  soap-  reiitesented  in  _fig.  p-  ., 
bubble,  to  which  we  have  alluded— the  41.  Letthe  smallest  , 
ray  will  no  longer  be  allowed  to  pass  circle  be  called  1,  the 
out  in  its  original  state  at  the  second  next  2,  the  next  3, 
surface.  On  the  contrary,  if  it  be  white  and  so  on.  It  is 
■olarlighf,  that  part  of  it  which  has  a  plain  that  the  thick- 
certain  colour,  saj  red,  will  be  reflected  ness  ofthe  air  under 
back  in  the  direction  from  which  it  the  circle  I,  is  less 
came,  while  the  remainder  only  ofthe  ray  than  under  the  circle 
which,  combined  with  red,  would  pro-  2.  In  like  manner 
ducewhite,willbetransmitled.  Itthere-  the  thickness  under 
fore  follows  that,  in  this  instance,  after  the  circle  2  is  less  than  under  the  circle 
the  ray  has  penetrated  the  water  through  3,  and  so  on.     A  section  of  the  lensea 


a  space  equal  lo  the  supposed  liiickness     exhibiting  the  thickness  of  the  ai 
of  the  bubble,  that  portion  of  it  which  is    tween  the  lenses  under  the  several  cirdei 

din^fe-.  42. 


is  put  into  such  a  state,  that  were  it  1,  2.  3,  &c.  is  represented  io^.  42. 

to  encounter  the  second  surface,  it  could  _. 

not  penetrate  it,  and  would  be  reflected.  "*S-  ^'* 

This  slate,  however,  does  not  continue  ;  ^ 

for  when  the  white  ray  is  allowed  to  fy-r~- 

proceed  fiirther  into  the  water  before  it  1 

IS  intercepted  by  the  second  surface,  it  | 

will  lie  brought  into  a  state  in  which  it 

wilt  penetrate  that  surface,  and  be  traus-  Upon  exposii^g  these  lenses  to  a  beam 

mitted  into  the  ambient  medium.    Such  of  light,  a  vet^  minute  black  spot  was 

is  an  example  of  the  class  of  facts  which  observi^d   at   tlie  centre.      Immediately 

form  the  basis  of  the  experiments  and  aroundthiscircularspotwasaringofblue 

invesligal ions  which  we  are  now  about  colour,  which  gradu^y  emerged  from  the 

to  explain.  black,  so  as  to  assume  the  perfect  blue 

(32.)Theproperty  which  we  have  in-  tint  at  some  distance  from  the  black 

stanced  in  water  and  ^ass  is  common  to  spot.    This  blue  ring  was  surrounded 

bU  transparent  media.    The  evanescent  with  b  white  one,  into  which  it  ia  hk« 
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mMiner  fnduaUy  melted,  usmning  tints  plemental  to  its  reflected  colour,  or  that 

more  tnd  more  dilute,  until  it  became  nhich  combined  with  the  reflected  colour 

Absolutely  white.     This  white  ring  wu  would  produce  white.    In  the  same  way, 

again  bordered  by  a  yellow  one,  which  each  rin^;  of  each  series  waa  found  to 

in  its  turn  was  tinted  off  in  a  red  ring.  transmit  the  colour  com plemental  to  that 

lu  this  series  of  coloured  circles  the  which  it  reflected,  which  was  proved  by 

blue  of  the  first  circle  was  »ery  faint ;  Tiewing  the  light  through  the  lenses. 

the  tohiU  of  the  second  was  brilliant.  These  phenomena  were  attended  with 

The  fcradual  tints  assumed  tiy  the  yellow  many  circumstances,  which  rendered  it 

of  the  third  ring  in  passing  into  the  red  probable  that  some  connexion  subsisted 

of  the  fourth,  produced  between  them  Mtween  the  colours  of  the  reflected  and 

an  orange  ring.  transmitted  light,  and  the  thickness  of 

A  second  series  of  rings  succeeded,  the  air-lens,  at  the  place  where  tliese 
the  first  of  which,  surrounding  the  red  colours  were  produced.  The  same  colour 
Tin?  of  the  last  series,  was  violet,  after  was  observed  to  be  arranged  in  a  circle 
wliich  appeared  in  regular  succession  round  the  centre  of  the  lens.  It  was 
four  other  rings  of  blue,  green,  yellote  evident,  that  in  all  parts  of  such  a  circla 
and  red.  In  this  series  Uie  green  was  the  thickness  of  the  air-lens  was  the 
yeUowish,  the  yellow  brilliant,  and  the  same.  Again,  in  passing  from  one  con- 
red  partaking  of  a  crimson  hue.  centric  cirde  to  another,  the  tint  was  ob- 

Aiter  this  came  a  third  series.    The  served  to  undergo  a  change.    In  dif- 

first  rine  in  this  series  surrounding  the  ferent  concentric  circles  the  thickness  of 

Ted  of  the  last  was  purple,  which  was  the  air-lens  was  difi'erent.    Here,  then, 

regularly   succeeded   by  four  rings   of  were  two  important  steps  towards  the 

blue,  green,  yellow  and  red.    Of  these  discovery  of  a  connexion  l)etweea  the 

the  green  was  brisk  and  copious,  being  colour  of  the  light,  and  the  thickness  of 

a  rich  grass  green,  and  the  yellow  was  the  air.  which  reflected  or  transmitted  it. 

particuwjiy  s^endid ;  but  the  red  had  By  pressing  the  glass  lenses  together, 

a  more  &ded  appearance,  and  partook  so  as  to  force  them  into  closer  contact, 

more  of  the  piu  and  crimson,  than  Uie  the  diameter  of  each  circle,  at  which  the 

vermilion.  air-lens  had  a  given  thickness,  would  ob- 

Afler  these  succeeded  a  fourth  series,  viously  be  increased.  If  it  were  true^ 
consisting  of  two  colours,  green  and  red.  that  the  colour  of  the  reflected  light  de- 
The  green,  in  passing  into  the  red,  ex-  pended  on  the  thickness  of  the  air  at  tin 
hibited  a  yellowish  pink  hue.  Ilien  sue-  points  of  reflexion,  it  would  follow,  that 
ceeded  three  other  series,  each  consisting  upon  pressing  the  glass  lenses  together, 
oftworings;  the  inner  ones  being  various  each  coloured  circle  would  be  enlarged, 
■hades  of  green,  and  the  outer  ones  It  was  accordingly  found,  that  upon  ap- 
vahousshadesofred;eachof thecolours  plying  such  ;n*«««im,  the  central  spot 
become  more  and  more  dilute,  as  the  was  increased,  and  each  coloured  circle 
diameters  of  the  rings  increased.  expanded  its  dimensions,  and  retreated 
'  (!>3.)  Due  consideration  of  these  phe-  from  the  centre.  These  indications  were 
nomena  suggetted  some  veiy  important  further  confirmed,  by  pressing  the  lenses 
conclusions.  Of  the  light  which  penc-  more  closely  at  one  side  of  the  centre 
(rated  the  glass  within  the  central  black  than  at  the  other,  the  colours  still  re- 
circle  none  was  reflected,  for  in  that  case  treating  from  the  points  of  closest  con- 
the  circle  would  take  the  colour  of  the  tact. 

reflected  light.    The  incident  light  was,  (&4.)Awareofthehefa'ogeneonsnature 

Iherefore,  in  this  ease,  either  stifled  and  of  solar  light  by  previous  investigation*, 

alMorbed  by  the  glass,  or  was  transmit-  Newton  considered  it  probable  that  these 

ted.     To   aacertain  this,   the  eye  wai  coloured  rings  were  not  the  effects  of  * 

placed  lidiind  the  lenses,  so  as  to  receive  one  simple  cause,  or  ofa  single  action  of 

the  transmitted  light.    The  central  spot  the  transparent  medium  on  the  solarray, 

BOW  appeared  white,  proving  that  all  the  but  conjectured  that  it  might  rather  be 

light  iDcklent  on  the  glass   was  here  the  result  of  the  comWned  actions  on  all 

transmitted.  Again,  of  the  light  incident  or  several  of  the  component  parts  of 

upon  the  first  ring  of  the  first  series,  the  light.    To  simplify  the  phenomena,  and 

rays  composing  a  bluish  colour  alone  thereby  facilitate  tha  analysis,  he  deter- 

were  reflected.  Tha  remaining  rays  were  mined  to  expose  the  lenses  suceessivelj 

transmitted,  as  appeared  by  viewing  the'  to  the  difi'erent  species  of  homogeneous 

lenses  on  the  other  side ;  tne  colour  of  light,  and  to  observe  and  carefully  note 

uie  fint  ring  being  that  which  was  com-  tlM  separate  cfEecta  of  each.    Ue  con- 
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eluded,  that  thne  e<Mt  ban^  wmvUjr 
known,  there  couM  be  no  diffieultj  in 
combining  them,  so  as  to  account  for  the 
phenomena  produeed  by  oompound  solar 
light. 

Whh  this  fiew,  he  decmnposed  a  sun- 
beam, by  means  of  a  prism,  and  casting 
■uccesuvely  on  the  lenses  the  severnl  co- 
loured lights  in  the  spectrum,  he  ob- 
serred  and  cerefuUy  noted  the  pheno- 
mena. In  each  case  the  rings  appeared, 
and  even  in  greater  numbers,  than  in  the 
case  of  the  compound  solar  light.  They, 
however,  no  longer  exhibited  any  variety 
of  colour,  the  central  spot  bemg  now 
surrounded  by  rings  of  the  same  colour 
as  the  light  cast  upon  the  lenses,  sepa- 
rated by  dark  rings,  in  which,  like  the 
central  spot,  all  light  seemed  to  be  trans- 
mitted, and  none  reflected.  Upon  look- 
ing through  the  lenses  towards  the  light, 
the  intermediate  rings  just  mentioned,  as 
well  as  the  central  spot,  appeared  of  the 
colour  of  the  prismatic  light,  to  which 
the  lenses  were  exposed ;  and,  on  the 
other  hand,  those  rings  which  by  reflect- 
ed light  appeared  coloured,  were  now 
dark,  no  light  being  transmitted. 

Let  S  8,  /ig.  43,  be  a  section  of  the 

air-lens,  and  suppose  a  beam  of  homo- 

Fig.43. 
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peneous  red  light  projected  on  it  from 
the  direcUon  A,  and  perpendicular  to  its 
surface.  The  centre  of  the  lens  being  o, 
let  1  be  the  place  of  the  first  ring  of  red 
light,  as  viewed  from  A.  At  2  will  be  a 
dark  ring,  at  3  a  second  ring  of  red  light. 
at  4  a  dark  ring,  and  so  on,  the  central 
spot  o  being  dark.  Now,  let  the  lens  be 
viewed  from  B,  so  aa  to  receive  the  rays 
transmitted  through  it.  The  central  spot 
o  will  appear  red,  the  first  ring  1,  which 
befbre  was  red,  will  be  dark,  the  ring  2 
will  be  red,  3  dark,  and  so  on ;  all  the 
rings  which  were  dark,  when  viewed 
from  A,  being  red  when  viewed  frem  B, 
«nd  vice  tiertd. 

Upon  exposing  the  knses  to  orange, 
yellow,  and  the  other  species  of  homoge- 
neous tight,  similar  effects  were  observ- 
able ;  the  bright  rings  always  taking  the 
colour  of  the  light  incident  on  the  lenses. 


the  bright  ones,  as  hi  the  case  of  the  red 
light,  appearing  dark.  One  difi^nee, 
however,  was  remarkable,  viz.  that  the 
rings  formed  by  the  leii  refrangible  Ta.rs 
were  laq^  than  tho<ie  formal  by  tne 
more  refrangible.  Thus  the  first  red 
ring  was  larger  than  the  first  orange  one 
and  this  larger  than  the  first  yellow  ring, 
and  so  on,thefiratTiolet  ring  being  leasli 

(55.)The  existence  of  a  connexion  be- 
tween the  colour  of  the  reflected  and 
transmitted  light,  and  the  thickness  of 
the  air-tens,  being  now  manifest,  Newton 
applied  his  attention  to  measure  this 
thickness  at  the  places  of  (he  several 
dark  and  bright  rings.  The  extreme 
minuteness  of  the  magiutude  to  l>e  as- 
certained rendered  the  application  of 
direct  measures  impracticable.  The  flrat 
principles  of  elementary  geometry,  how- 
ever, furnished  a  method  of  effecting  the 
measurement  with  the  greatest  accuracy. 

■  Let  O  T,  /Ig.  44 ,  be  the  plane  side  of 
Fig.  44. 
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the  air-lens,  and  C  D  the  concave  side, 

and  let  the  circle,  of  which  C  D  is  an 

:,  be  completed.     Let  O  B  be  its  dia- 


serving  the  focus  of  the  convex  glaa 
lens  used  in  the  experiments,  provided  the 
reh^cting  power  of  the  glass  be  known. 
Let  it  he  required  to  ascertain  the  thick- 
ness T  P  of  the  air-lens  at  T.  Draw  the 
line  P  O,  and  from  P  draw  P  A  parallel 
to  T  O.  By  actually  measuring  the  dia^ 
meter  of  the  ring  at  the  distance  T,  the 
line  T  0,  or  P  A,  will  be  determined ;  and 
^m  the  extreme  minuteness  of  T  P,  the 
line  PA  may  be  considered  as  practically 
equal  to  PO.  The  right  angled  triangles 
OPB,  and  OAP.  are  similar;    and. 


and  being  separated  bv  dark  nngs,  which       ,  ^^^^  ;n,o,^,iio„  „,,  |^  omiiTrf  Uj  thtH  wiw 
being  viewed  flmnB  appeared  bright,    ■nsaiftmiUuiHtbikeeiMiaiwaritooieiri. 
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OF  NEWTON'S  OPTICS.  '                      43  . 

therefore,  O  P  beats  the  same  proportion  former  rays  than  for  the  laltv.    Hence 

to  OB,  as  O  A,  or  T P,  bears  to  O P.  we  may  easilr  perceive  how  (he  anc- 

Now,  since  the  magintudes  of  0  P,  and  cession  of  coloured  rinfrs  is  produced 

OB,  are  known,  we  know  how  manjf  when  compound  solar  light  is  projected 

times  O  B  is  greater  than  O  P-    Then  on  the  lens.    In  this  case  each  compo- 

OP  will  be  the  same  number  of  times  nent  part  of  the  li^ht  fotms  its  own  set 

greater  than  O  A,  or  T  P.    Thus,  if  OB  of  rinjfs,  and  the  rings  of  one  colour  in- 

were  1B2  mches,  and  OP  8-79lhs  of  an  lermiiing  with  those  ofanothert  form  the 

inch,  the  thidmeas  T  P  it  found  by  com-  several  series  of  coloured  rings  already 

.1    _,,    .    t      L    .      10"     .u  described. 
mOQ  anthmetw  to  be  about  jjf^j^  (je.)  All  that  has  been  observed  re- 
part  of  an  inch.  specting  the  rings  produced  by  the  light 

Calculating  in  this  manner,  Newton  reflectedfromthelenswiUapply.withlhe 

found  a  very  sincular  analogy  to  subsist  requisite  modifications,  to  the  rings  pro- 

between  the  thicknesses  at  which  the  ^^<^^  ^  'he  light  transmitted  through 

bright  and  dark  rings  of   each  colour  ''•   These  latter,  however,  are  much  less 

were  produced.     Let   the  thickness  at  '*'*''  'han  the  reflected  rings, 

which  the  first  bright  ring  of  any  ho-  Before  we  proceed  further  in  our  ac- 

mogeneous  colour  IS  produced,  be  called  count  of  these  phenomena,  if  may  be 

1 ;  the  thickness  at  the  next  bright  ring  useful,  in  impressing  them  on  the  me- 

will  be  3  ;  the  next  5  ;  the  next  7  ;  and  mory  of  the  reader,  to  give  some  ac- 

■o  on ;  tha  thicknesses  of  the  successive  count  of  the  maimer  in  which  Newlcn 

bright  rings  being  represented  bytheodd  CTplwncd  them.  He  considers  that  every 

integers.     A^n,  the  thickness  of  the  ray  of  light,  in  its  passage  through  the 

air  at  the  dark  ring,  which  immediately  surface  which  separates  two  media  of 

succeeded  the  first  bright  ring,  was  found  different  densities,  is  put  into  a  certain 

to  be  twice  its  thickness  at  the  first  bright  transient  constitution  or  slate,  which,  in 

ring;  and  therefore  the  central  spot  being  the  progress  of  the  ray,  relilms  at  equal 

considered  as  the  first  dark  ring,  the  intervals,  and  disposes  the  ray  at  everv 

second  dark  ring  will  be  at  the  thick-  return  to  be  easily  transmitted  througo 

nesi  3.    The  third  dark  ring  was  found  the  next  refracting  surface,  and  between 

to  be  at  the  thickness  4  ;  the  fourth  at  6,  the  returns,  to  be  easily  refiected  by  it. 

and  so  on ;  the  thicknesses  of  the  air  at  Let  A  B   (Jig.  43  )  be  a  ray  of  pure 

the  seterai  dark  rings  being  represented  homogeneous  li^ht  falling  perpendicu- 

by  the  even  integers.  larly  on  a  refracting  surface,  S  3.  Let  us 

The  proportion  which  we  have  now  supposethatthemedium  through  which 
explained  was  found  to  prevail  among 
the  rings,  whatever  might  be  the  colour 
of  the  light  projected  on  the  lens;  but 
the  absolute  magnitudes  of  the  rings 
was,  aa  we  have  stated,  different  in  each 
kind  of  light.  This  will,  perhaps,  be 
brtter  understood  by  example.  Suppose 
an  inch  divided  into  180,000  equal  parts, 
And  let  one  of  those  parts  be  the  thick- 
ness at  which  the  first  ring  of  a  certain 
colour,  say  green,  appears,  homogeneous 

Seen  light  being  projected  on  the  lens. 
t  a  thickness  equal  to  two  of  these 
ports  will  be  a  dark  ring.  At  a  thick- 
ness equal  to  three  of  these  parts  will 
appear  the  second  bright  green  ring,  and 

•o  on  alternately.  A  B  has  passed  is  glass,  and  that  the 

The  rings  of  the  other  colours  will  medium  included  between  the  surfaces 

■ucoeedeach  other  in  a  similar  manner,  BS  and  S'S'  is  air.    Take  Bl  inlhedi- 

with  this  diSbrence,  that  the  thickness  at  rection  of  AB,  and  equal  to  the  thickness 

which  the  first  ring  appears  will  be  less  of  the  air  between  the  lenses  at  which 

for  the  more  refrangible  rays,  i.  e.  those  the  first  ring  of  the  homogeneous  lii:ht, 

of  a  bluish  tint,  and  greater  fortheless  now  supposed  to  fall  on  S  S,  appeared, 

refrangible  rays,  which  take  the  yellow  From  1  take  the  intervals  2,  3,  4,  &c 

or  red  hues,  and  that  the  interraU  be-  equal  toBl.  The  action  of  the  surface, 

tweea  tlie  tings  will  also  be  less  for  the  89,   upon  the    ray,    is  tumaaed  ta 
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be  such  na  to  put  it  in  a  state  in  logy  to  which  ire  have  just  tUnded,  he 
ythieb  it  would  be  easily  tmuinitted  by  warns  his  reader  that  he  does  not  pre- 
another  Bimilar  refracting  surface,  such  tend  to  affiim  "  what  kind  of  action  this 
as  S'  8',  if  that  surface  received  the  ray  (the  fits)  is  ;  whether  it  consists  in  a  cir- 
immediately  after  its  passage  througn  culating  or  a  vibrating  motion  of  the 
SS.  But  this  stale  of  easy  transmission  ray,  or  of  the  medium,  or  of  something 
does  not  continue.  When  the  light  has  else.  Those  Ihat  are  averse  to  assenting 
arrived  at  I  it  is  in  a  state  of  easy  re-  to  any  new  discoveries  but  such  as  they 
flection,  so  that  if  it  were  into-cepted  at  can  explain  by  an  hypothesis,  may  for 
1  by  such  a  surface  as  S'  S',  it  would  be  the  present  suppose  that,  aa  stones,  by 
reflected  back  in  the  direction  1  B  A.  falling  upon  water,  put  the  water  into 
After  passing  the  division  I,  the  state  of  an  undulating  motion,  and  all  bodies,  by 
the  ray  is  again  changed,  and  when  it  percussion,  excite  vibrations  in  the  air ; 
has  arrived  at  the  division  2,  it  is  again  so  the  rays  of  light,  by  impinging  on  any 
in  a  state  of  easy  transmission,  asatB.  refracting  or  reflecting  surface,  excite 
If  the  surface,  &'  S',  therefore,  met  the  vibrations  in  the  refracting  or  reflecting 
ray  at  2.  (he  ray  would  pass  freely  medium  or  substance,  and  by  exciting 
through  it  in  the  direclian  3,  4,  See.  In  them  agitate  the  solid  parti  of  the  re- 
passing h>jm  Z  to  3  the  ray  again  fracting  or  reflecting  body,  and  by  agi- 
changes  its  slate,  and  is  found  at  3  to  fating  them  cause  them  to  grow  warm 
be  in  the  same  disposition  to  be  reflected  or  hot  j  that  the  vibrations  thus  excited 
as  it  was  at  I  :  and  such  reflection  are  propagated  in  the  refracting  or  re- 
would,  in  fact,  ta^e  place  if  the  surface,  flectmg  medium  or  substance,  much 
S'S',  intercepted  the  ray  at  3.  In  this  after  the  manner  that  vibrations  are  pro- 
manner  the  ray  passes  alternately  into  pagated  in  the  air  for  causing  sounil, 
states  of  easy  transmission  and  reflec-  and  move  faster  than  the  rays,  so  as  to 
lion,  at  thesuccessivepoints,4, 9,  G,&c.  overtake  them  ;   and  that  when  any  rav 

(S70  These  alternate  states  of  the  ray  is  in  Ihat  part  of  the  vibration  whidi 

Newton  calls  jits,  the  light  being  in  Jilt  conspires  with  its  motion,  it  easily  tn-eaks 

q/' nuy  r^n;tion  at  the  points  1,  3,  i,  through  a  refracting  surface  ;  but  when 

&c  ;  and  in  J!ti  of  eaty  lranttm4tioa  it  is  in  the  contrary  part  of  the  vibration, 

at  the  paints  2,  4,  6,  Slc.    The  spaces  which  impedes  its  motion,   it  is  easily 

B2,  24,  &c.,  or  13,  35,  Sec.,  he  calls  reflected;    and  by  consetjuence,   that 

the  interval  ofthefiU.    Although  these  every  ray  is  successively  d;sposed  to  be 

phrases  imply  a  theory  or  hypothesis,  easily  reflected  or  easily  transmitted,  by 

yet  Newton  intends   them   merely    as  every    vibration    which    overtakes    it. 

names  for  effecU  which  are  known  to  But,  vihether  this  hypothesit  be  true 

exisi,  and  distinctly  disclaims  the  adop-  or  false,  I  do  not  here  amtider.   I  con- 

tion  of  any  hypothesis,  endeavouring  in  tent  myself  with  the  bare  discovery  that 

every  case  to  render  his  inferences  inde-  rays  of  light  are,  by  some  cause  or 

pendent  of  everything  except  the  result  olner,  alternately  disposed  to  be  reflected 

of  experiment  or  observation.  or  refracted  for  many  vicissitudes." 

In  describing  the  phenomena  of  nhy-  (58.)  Bythe  observation  of  air  between 

Eicalscienceitisextremely difficult, ifnot  glass   lenses,   Newton   ascertained  the 

impossible,    to   avoid   expressions   and  /oc' that,  after  passing  through  a  certain 

terms  which  imply  a  theoiy  or  a  sup-  thickness  of  air,  a  ray  would  oe  reSecled 

posed  cause  for  effects.    Every  writer,  or  transmitted,  according  to  the  degree 

but  more  especially  he  who  promulgates  of  thickness  of  the  air  ana  the  species  of 

new  facts,  should  be  cautious  to  remind  the  light.  By  actual  admeasurement  he 

the  student  that  the  latigyage  of  cau-  ascertained  the  least  thickness  at  which 

tation.  the  use  of  which  in  physics  is  each    species    of    homogeneous   light 

inevitable,  b  nothing  more  then  a  me-  would  be  reflected,  a  magnitude  which 

thod  of  expressing  the  classification  of  will  easily  be  perceived  to  be  equal  to 

effects ;  and  that,  when  we  are  said  to  half  the  inlervai  of  the  fits.     We  have 

"discover  the  cause"  of  any  appear-  already  observed  that  thi.i  interval  is 

ance,  nothing  more  is  to  l)e  understood  different  in  different  kinds  of  light,  being 

than  that  we  have  found  a  class  of  phe-  greater  for  the  less  refrangible  rays  than 

nomena  to  which  it  t>elongs  and  must  for  the  more  refran^ble.  Itie  following 

be  referred.    There  is   no   philosopher  Table  exhibits  the  interval  for  lights  of 

who  seems  more  conscious  of  the  neces-  the  difierent  degrees  of  refi'angibillty. 

sity  of  this  than  Newton;  and,  accord-  If  an  inch  be  supposed  to  be  divided 

iogly,  in  the  introduction  of  the  pbiateo-  into  tm  millions  of  equal  parts,  the 
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nomber  of  then  parti,  in  the  interral    mimion  ;  snd  jince  tbediitanoe  between 

for  each  ray,  ii  exprewed  in  the  second    the  pintes  is  equaJ  to  the  inlervaj  between 

column.  Ihe  fits  (see  Table),  it  will  be  again  in 

Tn  niDiaiiib    i,yi„^,„     *  fi'  Of  easy  transmission  when  it  en- 

B^ "^  " '^°~i  n         '    «"""'""  the  surface  of  theseoond  plate 

SSrr;,T.;:::::::S    °      !."d -ai  =="«,»«.%  P".|hr.jghi,. 

InuroidUte...  123  5  m  this  case,  tlie  eye  be  pluced  behind 

Onegann 120  3  the  eecond  piafe,  the  coloured  light  will 

iDiennediue ]  171       24  ^  percehfed  to  be  transmitted. 

Yellowrajs 1131       4  Now  suppose  the  two  plates  to  be 

Iniermediue 109*       4  placed  parallel  as  before,  but  only  at 

QreaDr»s losj       4  half  the  former  distance  asunder.    The 

Iniermiidiate lOlJ       4  orange  li^ht.  on  meeting  the  surface  of 

Bteenr* SS         3A  the  second  plate,  will  be  in  a  fit  of  eaay 

Iniennediate 044       3}  reflection,  and  will  consequently  return 

;*£j;!'i Si       I  through  the  plateot  air  lo  the  direction 

ter*"" S*       I  (rou,  which  It  oame.    Haring  the  same 

E.™  ,;^V.V.'.V.'.  Si  a  S",  '»  ™"  'hre.fSk.  it  wUl  be  in  a 
_.  .  ,,  .,  ,  , .  L  "t  **'  easy  tranemission  when  it  has 
■  ^"IJ*'?  ntagnitudes,  which  appear  again  reach«l  the  surface  of  the  first 
in  the  thud  column  of  IhisTable.should  pFate,  and  will  consequently  be  trans- 
be  sntijecis  of  accurate  computation,  mitted.  If  the  eye  be  placed  before  the 
founded  on  raeaaurements  performed  by  fbrst  plate,  it  will  be  coloured  over  with 
the  hand  of  man.  must,  we  conceive,  be  the  orange  light, 
matter  of  the  greatest  wonder  and  admi-  Let  us  now  suppose  that  the  plates 
ration.  An  inch  being  divided  into  five  ai«  placed  at  the  distance  of  240  ten- 
miUion  of  equal  parts,  a  distance  equal  milhouths  of  an  inch  asunder.  This  is 
to  one  of  these  parts  is  ascertained  by  equal  totwointervalsofthefitsoforange 
positive  measurement,  in  the  estimation  light,  and  therefore  that  light  being  in  a 
of  the  intervals  of  the  fits  of  indigo  rays  fit  of  eaay  banamission  when  it  encoun- 
and  those  intermediate  between  them  tera  it,  will  be  transmitted  at  the  sur- 
aiHl  the  violet  I  Magnitudes  of  such  face  of  the  second  plate.  Aneveplacai 
minuteness  far  eiceed  even  the  powers  behind  the  second  plate  will  riivo  the 

fjSTT     i,^  '"^e  have    perhaps,  a  iruismittod  KgM.  and  the  plUe  will  take 

distinct  idea  of  the  hundredth  part  of  an  an  orange  hu& 

•°"i'j  '',  '°W°'"S   the  tenth  of  an  In  the  middle  of  the  interval  between 

inch  dividKl  into  ten  equal  parts.    But  120  and  240.  that  is.  at  th™.bS™of 

when  we  ere  required  to  conceive  one  no  teu-millionths  of  an  inch  nJi  the 

ofthesetenpartsdividediutofitlythou-  firstplate.  the  ray  will  be  iStbrSddK 

sand  equal  parts,  imaginatmu  altogether  of  the  second  intiival  of  it,  fits.  JS 

r«la,  and  we  cea«  to  attach  to  the  name  therefore  be  in  a  fit  of  easy  ifiecttai 

of  auch  a  magmlude  »,y  positive  eon-  If  it  encounter  the  second  surface  at  hs 

pepton.    Nevertheless,  the,  magnitud.  dislauce,it willconscquentlyb.Sfi„trf 

is.aswehaveseen,capableofmeasure-  When  it  has  returned  to  the  distanci^ 

ever  gross  and  perceptible   so  fi»  does  mission,  whiJh  fit  will  return  agin  iter 

he  power  of  „a«,n  exceed  that  of  the  passing'  through  the  diSc^S    M 

ff^T^^      ■       1        u.  ..        .  whichpointitwillagaiumeetthesurface 

[50.)  The  pnnciplo  which  w.  have  of  thefirst  plate,  aS  will  be  transmitted 

now  eaplamed  wij  iiefound  sufficient  to  through  it.    Thus  an  eye  placed  before 

aoionnt  for  aU  Ihe  phenomena  of  oo-  the  fist  plate  will  poceivito  minS 

lours  reflected,  or  transmitted  by  trans-  light  reflected  P^''""^  ^  ^^S^ 

Sir'.S."'    ■''"■■"PPPx'V,"'"        Thus  the  space  foUowed  by  the  ray  in 
glass  surfaces  are  placed  parallel  at    passing  thnnigh  the  air  being  divided 

If'  .'„  ?;°J  °'  '?°  .'"-rf  ""■  '!"•  •"'  P^'  "i^  "■  So"e.-Slo„to  „t 

.,.S.T-     ';;'°"°!  l»tw.eu   them  an  inch,  at  each  alternate  point  of  divi- 

apWeofur.    If  pure  orange  lijht  fall  sion  the  orange  ray  will  le  in  a  fit  of 

perpendicul|,rly  on  the  glass,  it  will  pas,  e«,y  transmissfon.  and  at  Ihe  °n'«i? 

through.  being  b-ansmitledreely  by  the  diate  points  it  wiU  be  in  all  .f^; 

pWe  of  air  between  the  plate,  of  glass,  reflection.    In  the  one  case,  the  oraS 

£S?i'S'!!^''"°"'«''7' «'":'"*'=  "S"  ttansmitted  will  app2r  to  "Z 

mtolheatritamafiloleasytran..  placed  behind  the  second  plate,  while  to    , 

■ooglc 
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«n  eye  plused  before  the  flrat  no  colour  parti  meet  )t  in  fit*  ofetm  t 

ii  apparent.    In  the  other  case  the  re-  In  thia  case,  jhe  tint  exhibited  to  an  eye 

verse  will  happen,  the  oruige  light  being  placed  before  the  first  plate  will  be  one 

perceptible  lo  an  eye  pUced  iMfore  the  which  is  compgunded  of  the  colours  of 

first  plate,  while  no  colour  amtears  to  an  those  rays  which  meet  the  second  plate, 

eye  placed  tiehiad  the  secona.  in  fits  of  easy  reflection,  while  the  tint 

All  that  has  heen  here  observed  of  the  exhibited  to  an  eye  behind  the  second 

oran^  light  nill  be  equally  applicshle  plate  will  be  compounded  of  the  colours 

to  the  red,  yellow,  and  all  the  other  cO'  of  those  r^s  wnich  meet  the  second 

lours,  the  interval  of  the  fits  only  behig  surface  Li  fita  of  easy  transmission.     It 

different    It  should,  however,  be  ob-  will  happen  frequently  that  the  second 

served,  that  the  rav  does  not  pass  sud-  surface  will  encounter  a  ray  in  such  a 

denly  into  its  fits  of  reflection  and  trans-  manner  as  to  divide  the  interval  of  the 

mission  on  arriving  at  the  several  points  fits  unequally,  so  th&t  the  light  will  be 

of  division  which  we  have  mentioned,  partly  reflected  and  partly  transmitted. 

but  passes  gradually  from  ita  complete  in  this  case,  the  tint  seen  on  each  side  of 

fit  of  easy  reflection  to  its  complete  fit  the  plates  is  determined  as  before,  by 

of  easy  transmission,    and  vice  verM&,  the  composition  of  the  colours  reflected 

beinc;,  in    the  intermediate  space,  in  a  and  transmitted,  due  regard  being-  had 

state  to  be  partially  reflected  SJid  trans-  to  their  quantitiea. 

mitted.  (61.)  Newton  has  sivni  an  ingenious 

(60.)  When  abeam  of  white  solar  light  tcalefordeterminingthecolours  reflected 

falls  perpendieulatiy  on  the  plates,  each  by  the  second  surTace,  at  any  proposed 

component parlisputintofltsseparateiy,  distance  fi-om  the  first.    We  shall  here, 

and  in  the  same  manner  as  would  hap-  however,  adopt  another  method  of  illiis- 

pen  if  that  part  alone  had  been  incident  trdion,  not  differing  in  principle   from 

on  the  plate.    The  thickness  of  the  plate  that  of  Newton,  but  better  adapted  for 

of  ur  may  be  such,  that  several  compo-  popular  illustration, 

nent  rays  may  meet  the  second  surface  Draw  two  lines*  AX  Otf.46)  and 

in  fits  of  easy  reflection,  while  the  other  AV  at  right  angles,  and  taking  any 


I 
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seven  points  R,  0,  Y,  G,  B,  I,  V  on  the 
line  A  Y,  draw  through  ihera  lines  pa- 
rallel to  AX.    Let  RR' represent  the 

interval  of  the  fits  of  red  light,  and  let 
this  space  be  repeated,  so  that  R'  R", 
R"R"',  Sec.  shall  bo  equal  to  RU', 
l)raw  a  waving  curve  line  touching  the 
parallel  through  R  in  the  points  R,  R', 
R",8m;.,  and  let  the  points,  at  which  the 
distance  of  the  curve  from  the  parallel 
is  greatest,  be  situated  exactly  in  the 


middle  between  eveiy  two  successive 

K lints  of  contact,  that  is,  perpendicu- 
rly  above  the  points  r,  r',  r",  &c. 
\^'hen  the  thickness  of  the  air  ttetween 
the  plates  is  equal  to  RR',  or  RR",  or 
R  R'",  &c.  no  red  light  ia  reflected,  the 
ray  being  at  those  points  in  a  fit  of  easy 
transmission.  On  the  other  hand,  in  the 
middle  of  each  interval,  or  at  the  tbick- 
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nenei  Rr,  Rr',  Rr",  be.  the  refleclion  nliich  compoM  tha  tint,  peredved  by 

of  redli§[ht  it  moit  intense,  the  ray  being  refleotion,  may  thus  be  d^enuined,  bath 

at  these  points  in  a  fit  of  easy  reflection,  in  quantity  and  quality. 

FVom  the  first  entrance  of  the  red  ray  at  It  will  be  observed,  that  the  intervals 

the  i^late  A  Y  until  it  reaches  r.  its  dis-  R  R',  O  C,  Y  Y',  &c.,  oontinually  dimi- 

poiilion  to  be  reflected  is  increaaing,  and  niah  in  paasing  from  the  red  to  the 

consequently,  the   curve  from   R  to  r  TJolet  light.      This   is  oonformable  to 

■nay  be  id  shaped,  that  its  increasing  what  has  bean  explained ;  the  interval 

perpendicular  distance  from  Rr  may  be  of  the  fita  being  snorter  for  the  more 

proportionate  to  the  quantity  of  red  light  refrangible   the  lights.      It   is   to   this 

reflected  at  each  increasing  tliiclmess.  ciivumstance  that  the  coloured  rings 

If  this  be  done,  the  perpendicular  dis-  between  the  lenses  is  owing  ;  for  if  the 

tance  of  the  curve  from  r  will  represent  fits  of  all  the  component  parts  of  light 

the  quantity  of  red  light  reflected  when  were  equal,  the  rings  would  be  alter- 

the  ray  attains  its  fir«t  fit  of  easy  reflec-  nately  white  and  blatik. 

tion.    As  the  ray  passes  from  r  to  R'  it  To  explain  more  fully  the  manner  of 

gradually  changes  its  phase,  and  the  determining  a  tint  correapanding  lo  a 

reflected  light  constantly  decreases  like  given  thickness,  let  the  line  A  X  be 

the  distance  of  the  curve  from  rR',  until  divided  at  1,  2,  3,  &o.     Let  A  I   be  a 

at  length,  like  that  distance,  it  dwindles  thickness  much  less  than  H  r,  half  the 

into  nothing  at  R',  the  entire  light  being  interval  ofthe  fits  of  red  light.    Through 

here  transmitted,  the  ray  having  attained  1    draw   a  line   parallel   to   AY,   and 

its  fit  of  easy  transmission.     The  same  crossing  all  the  curves.     The  pu^s  of 

process   is  repeated  as  the  ray  passes  this  line  intercepted  between  each  curve 

from  R'  to  R",  from  R"  to  R"',  and  and  the  correspondUng  parallel  to  A  X, 

so  on.  express  the  quantities  of  the  respective 

Jt  thus  appears,  that  the  quantity  of  colours  reflected  by  the  air  at  this  tluck- 

red  light  reflected  by  the  plate  of  air  nesa.     It  thus  appears,  by  inspecliun, 

intervening  between  the  two  plates  of  that  the  quantities  of  red  and  orange 

glass  mav  be  exhibited.       Take   K  p  are  small ;  of  yellow  not  much  more, 

equal  to  trie  distance  between  the  plates,  but  that  the  proportion  rapidly  increases 

or  the  thickness  of  the  plate  of  air.  as  we  approacn  the  blue  and  violet. 

Draw  p  m  perpendicular  to  Rp  and  The  excess  of  light  of  a  bluish  tint, 

meeting  the  curve  at  m.     llien  p  m  will  thnefore,   which    enters    the    reflected 

bear  the  same  proportion  to  ra  as  the  light,  will  give  that  li^ht  a  corresponding 

quantity  of  red   light  reflected  at   the  character.     If  the  Ihjclcness  of  the  plate 

thickness   Rp  bears  to  the  quantity  re-  of  air  l^e  much  less  than  A  1,  the  lines 

reflected  at  the  thickness  Rr  when  the  representing  the  reflected  light  will  gra- 

ray  ia  in  a  fit  of  easy  reflection.    It  is  dually  disappear,  and  no  light  will  t>e 

evident  that  the  quantity  of  red  light  reflected.    Accordingly,  it  was  found  in 

reflected  at  any  other  thickness  may  be  the  eipeiiment  witli  the  glass  lenses 

rimilai^y  found.  described  in  (54),  that  at  the   centre. 

Let  OfV  be  taken  to  represent  the  where  the  glasses  were  in  contact,  and 

interval  of  the  fits  of  orange  li^t,  and  for  a  small  distance  round  it,  a  black 

let    this   interval    be   repealed  (VO",  spot  was  perceivable,  arising  from  the 

O^O'",  &c.,  as  in  the  fbnner  case.   Let  absence  of  reflected  light    In  this  ease, 

K  aurve  be  drawn  as  before,  touchmg  the  air  immediately  around  the  centre 

the  parallel  at  the  points  which  mark  was  too  thin  to  reflect  the  light  in  any 

the  fits  of  easy  transmission,  and  such  sensible  quantity,  as  appears  by   the 

that  its  distance  firom  the  parallel  will  scale  which  we  are  now  describing, 

always  be  proportionate  to  the  quantity  Let  a  paralld   to  A  V    be   drawn 

of  orange  light  reflected  at  each  thick-  Ihroush  3.     The  lines  wliich  now  repre- 

nesa  of  the  plate  of  air.     The  other  sent  the  reflect^]  lights  are  nearly  equaL 

curves  are  to  be  drawn  in  the  same  The  red  tints  have  not  reached  uieir 

manner,  the  distances  YY',  GG',  BB',  maxima,  and  the  blue  tints  have  passed 

1 1',  y  V'  representing  the  intervals  of  theirs.    The  intermixture  of  tliess  pro- 

Iha  fits  of  the  yellow,  green,  blue,  in-  duce  a  brilliant  while. 

digo,  and  violet  lights  respectively.    It  Referring  again  to  the  experiments 

is  evident  that,  by  this  scale,  the  i^uan-  with  the  glass,  we  found  that  the  blue 

tity  of  light  of  each  colour  which  is  re-  ring  which  immediately  succeeded  the 

fleeted    at    any  given  thickness  may  central  black  spot  was  followed  by  & 

always  b«  exhibited,* and  Itie  colours  ring  ai  Bplendi4  while.    Here,  Ihen,  thb 
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thicknc«  of  the  air  between  the  leruei  itron^  influence  of  the  red  uid  orange 

had  10  tur  increued  u  to  be  represented  gives  ttie  reflected  liicht  a  Klowinic  crim- 

by  A  2.  son  hue.    This  corresponds  to  the  last 

As  the  parallel  to  AY  is  moved  to-  rin^;  of  the  lecond  series  iMtween  the 

wardi  3,  tne  lines  which  are  inteicepted  lenses. 

Iielween   the  upper  curves  and  their  At  C,  the  red  and  orange  are  copt- 

respective  bases  rapidly  diounish  and  ously  reflected ;  the  yellaw,  icreen,  and 

disippear,nhi]e1hose  which  correspiind  vioiet  are  not  reflected  in  any  percept ilile 

to  the  bases  Y  Y',  and  O  CK  attain  their  quantity,  but  the  indigo  is  abundant  and 

maxima.      Hence   it  appears,  that  by  the  blue  considerable.    The  result  of  the 

this  increase  of  thickness  the  reflection  composition  of  these  lights  is  a  rich 

of  the  bluish  lights  is  subdued,  and  the  purple  of  a  ruddy  character,  which  cor- 

yellow  and  orange  tints  appear.    When  responds  to  the  first  ring  of  the  secund 

the  parallel  arrives  at  3,  the  line  r  a  re-  senes  between  the  lenses.     Hy  fallowing 

presenting  (he  red  light  attains  its  max-  in  this  manner  the  parallel  as  it  moves 

imum,  the  blues  and  violets  altogether  from  A  Y,  we  shall  ^e  able  to  trace  dis- 

disappearing.      Here  the  reflected  tint  tinctly  the  lights  reflected  by  plates  of 

wDl  be  red.  air  of  every  degree  of  thickness,  and  we 

The  first  white  ring  which  appeared  sliall  perfectly  account  for  the  succes- 

between  the  lenses  was  succeeded  by  a  sion  of  coloured  rings,  as  far  as  they 

yellow  which  passed  through  an  orange  are  observable  in  the  experiment  with 

mto  a  red  one.    The  increased  thickness  the  lenses. 

of  the  air  between  the  lenses,  in  receding  (62.)  We  have  here  constructed  curves 

from  the  centre,  accounts  for  this  sue-  to  represent  the  quantities  of  reflected 

cession  of  colouri  as  explained  above.  lightof  sevendistinct degrees  of  rcfran^i- 

As  the  parallel  to  A  ¥  moves  towards  bilily.  But  it  must  be  rememtiered  that 
4, 5,  the  lines  representing  the  quantities  solar  tight  consists  of  rays  of  every  de- 
of  the  red  lights  reflected  gradually  gree  of  refrangibility  between  certain 
dinunish  and  disappear,  the  indigo  beii^  eitreme  limits.  To  describe  the  phe- 
on  the  increase,  and  the  violet  at  its  nomena  perfectly,  there  should  there- 
maximum.  Hence  the  light  reflected  fore  be  an  infinite  number  of  other 
at  this  thickness  will  have  a  violet  hue.  curves  between  each  pair  of  those 
Such  is,  in  fact,  the  fint  ring  of  the  abvady  exhibited,  and  with  bases  of 
second  series  between  the  lenses  (S4).  intermediate  magnitude.  Two  such 
As  the  parallel  arrives  at  S,  the  violet  is  curves  having  bases  nearly  equal,  cor- 
on  the  decrease,  the  blue  attains  its  respond  (o  lights  which  difier  but  little 
maximum,  and  the  reddish  tints  vanish,  in  refrangibility,  and  which  have  no 
The  colour  reflected  will,  therefore,  be  perceptible  diflerence  in  colour.  When 
blue,  and  corresponds  to  the  blue  ring  the  thickness  of  the  plate  of  air  l>ecomes 
in  the  second  senes  between  the  lenses,  considerable,  the  numl)er  of  repetitions 

When  the  parallel  to  A  Y  arrives  at  6,  of  the  bases  of  two  curves,  whose  bases 

thelines  representing  the  reds  and  violets  have  a  very  small  difference,  will  be  so 

disappear,  the  blue  and  green  are  only  great,  that  the  points  of  contact  will  be 

partiallyreflected,  and  the  yellow  is  at  its  separated   by  a  considerable  interval. 

maximum.    The  partial  reflexion  of  the  Accordingly,  it  must  at  length  happen, 

blue  and  green  miKed  with  the  intense  that  when  one  ray  is  most  copiously  re- 

yellow,  prwluces  a  yellowish  green.  This  fleeted,  another  of  veiy  nearly  the  same 

.■-  I of  the  air  is  that  at  which  the  colour  will  not  be  reflected  at  all.     As 


green  ring   is  reflected  in  the  second  this  is  necessaiy  to  explain  why  a  thick 

series  of  rings  between  the  lenses.  Afler  plate  of  air  will  only  reflect  white  light, 

the  parallel  passes  6,  the  yellaw  predo-  and  that  but  faintly,  we  shall  explain  it 

minates,  the    other  lights    tveing   but  more  fuUy. 

faintly  reflected,  as  appears  by  inspect-        Let  Y  ¥',  instead  of  reprtsenitni^  the 

ing  the  curves.     The  yellowish  green  interval  of  the  fits  of  the  yellow  light, 

last    mentioned,     therefore,    gradually  represent  that  of  the  fits  of  green  light 

channel   into    &  bright  yellow.     This  differing  a  little    in  refrangibility  and 

corresponds  to  the  yellow  ring  of  the  not  perceptibly  in  colour  from  the  light 

second  series.  whose  fits    are   at  the   interval   G  G'. 

As  the  parallel  approaches  8,  the  red  Suppose   that   the    difference   between 

and  orange  increase;  the  greens,  yel-  YY'  and  GG'  is  the  fortieth  part  of 

lows,  and  blues  nearlyranish  ;  the  vio-  GG';  after  passing  through  a  thickness 

}gtt   are  copiously  reflected,  but    the  equal  to  twenty  ^petitions  of  Q  C,  Ibe 
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highnt  point  of  the  carve  Y  Y'  will    pound  (olar  li|;ht  wu  oied.    In  fact, 
oorreitpoiu]  to  the  lowest  of  GG',   so    Ihis  case   their  number   leemei]   qui 

tliat  allhou^  no  green  light  of  the  re-    ■"' — ;— .i.i"     ti.„  — i —. —  t... 

frantcibiUty  of  6  be  reflected,  yet  li)tht 
of  the  uttine  colour,  but  of  the  refraugi- 
bility  of  Y,  will  be  reflected  in  abun- 
dance ;  so  that  At  considerable  thick- 
nesses, ereen  light,  nf  some  degrees  of 
rel'rangibdity,  must  always  be  reflected. 


juite 
linable.  The  coloura  i 
not  diluted  and  neutraliied  by  the  ad- 
mixture of  rays  of  iill  hues,  B9  we  have 
shown  to  be  Iht  cue  when  white  light 
was  projected  on  (he  lenses. 

(65.)  Seeine  that  the  interval  of  tha 
„        , ,  .  fits  changed  with  every  change  of  refran- 

Nuw,  what  we  have  to  observe  of  green  gibility  of  the  light,  the  problem  to  de- 
light is  ecjually  applicable  to  light  of  all  ttrtnine  the  relation  betwei-n  the  interval 
other  colours:  so  that  it  follows,  that  of  (hefitsandlhedegreeof refrangibility 
lii^it  of  all  colours  will  be  both  reflected  obviou.sly  presented  itself.  This,  how- 
and  transmitted  at  coniiderable  thick'  ever,  Newton  failed  to  aolve.  He  fan- 
nesses.  cied  that  the  intervals  of  the  fits  of  the 

(G3.)  Since  a  mixture  of  lights  of  all  seven  coloured  lights  bore  an  analogy 
colours  constitutes  white  light,  it  follows  to  the  lengths  of  a  stiinf  which  sound 
IhatthelightreSectedand^anamitledby  the  seven  musical  notes, 
a  thick  pUte  of  air  will  always  be  white;  (G6.)  Hitherto  we  have  conceived  the 
•  but  since  some  is  traniniitted,  and  some  light  to  fall  peqiendicularly  on  the  plate 
reflected,  neither  tlie  reflected  nor  trans-  of  air,  and  therefore  lo  be  reflected  per- 
mitted light  will  be  so  intense  as  the  pendicularly  by  it  If  the  light  enter 
lights  which  are  reflected  and  trans-  the  air  obUquely  to  its  surface,  it  will  be 
■nitted  by  very  thin  plates.  reflected  at  the  same  obliquity.    In  this 

The  recurrence  of  the  fits  of  Ughts  of  case  the  li^t  is  afiteted  by  the  obliqae 
nearly  equal  refrangibilitv  do  not  sud-  incidence  in  a  singular  manner.  The 
dunly  attain  the  slate  wtiich  ne  have  interval  of  its  fits  is  lengthened,  and 
described.  Theyapproach  itgradually.  bears  a  certain  proportion  to  the  length 
.  Hence  we  may  account  for  the  dilute  of  the  interval  when  perpendicuur. 
appearances-  of  the  colours  reflected  as  Newton  succeeded  in  detecting  this  pn>- 
the  thickness  of  the  air  increases,  as  is  portion,  and  in  showing  how  the  length 
perceived  by  observing  the  rings  of  of  the  fit  depended  on  the  obliquity  of 
colour  at  a  considerable  distance  from    the  light. 

the  centre  of  the  lenses.  ITiey  become  Although  the  phraseolo^  of  mathe- 
faint  by  degrees,  and  finally  disap-  matics  may  be  considered  in  some  de- 
pear,  gree  necessary  to  express  this  curious 
(64.)  Another  circumstance  attending  relation,  yet  we  hope  to  render  it  inteU 
the  phenomena  of  the  rings  is  accounted  ligible  lo  the  general  reader,  if  a  mode- 
for  on  the  grounds  to  which  we  have  just  rate  poriion  o(  attention  be  given  to  the 
adverted.  When  liomogeneous  light  following  explanation.  Let  the  line 
was  projected  on  the  lens,  the  ringi  PD  (^.  46.)  represent  the  interval  <f 
appeared  in  much  greater  numbers,  and  the  fits  of  any  species  of  homogeneous 
mure  distinctly  defined  than  when  com-    light  inddent  perpendicularly  on  a  thin 
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C'  te  <rf  air,  haviiiK  prevloiiily  passea  aiscovered  the  interral.bf  the  fits,  4heti 
011^  a  pl&te  of  glasi.  We  are  re-  the  incident  light  ms  (Kipendicular. 
SredtoflndtheintervfJofthefitswhen  In  that  case,  the  thicknesi  of  the  plate 
same  ray  enters  the  air  obliouely  to  of  air,  which  reflected  the  colour  in  each 
ita  lurface,  ai  in  the  direction  AP.  rinc,  was  found  by  measuring  the  dia- 
With  F  as  a  centre,  and  F  D  as  a  meter  of  the  ring.  When  he  viewed 
radius,  let  a  semicircle  C  D  0'  be  de-  the  rings  obliquely,  he  found  them  en- 
scribed,  utd  let  C  C'  be  considered  as  larked,  and,  consequenllv,  the  thickness 
the  Bur&ce  of  the  plale  of  air.  Let  P  F  of  the  sir  at  which  the  light  was  reflected 
bethediiiectionwhich  therayAPwould  was  increased.  Its  increased  thickness 
take,  if  it  were  refracted  tiy  passing  from  was  computed  in  the  same  manner  as 
■ir  into  glass.  From  P,  draw  Fn  per*  before,  by  measuring  the  diameter  of 
pendiculsr  to  C  P.  Continue  the  line  the  ring;.  By  a  caretlil  comparison  of 
A  F  to  the  circle  at  E,  and  from  E  draw  the  thickness  thus  deduced  with  the 
Em  perpendicular  to  C  F.  Divide  the  thickness  whidi  reflected  the  same 
interval  m  n  into  107  equal  parta,  and  colour  perpendicularly,  he  discovered 
let  o  be  the  point  of  division  nearest  to  the  method  already  explained  of  finding 
m.  I'^om  0  draw  o  p  perpendicular  to  the  inaenitude  P  H  byl<nowing  PD  and 
CF,  and  meeting  the  circle  in  p.  From  the  obliquity.  The  thickness  at  which 
D  draw  D  G,  touching  the  circle  at  D,  a  given  tint  will  be  reflected  at  a  given* 
and  from  F  draw  Pn,  and  continue  it  to  obliquity  being  found,  (he  interval  of 
meet  D  G  at  T,  Continue  PD  below  the  fits  was  easily  discovered.  In  the 
D,  and  take  F  H  equal  to  P  T.  Through  case  where  the  ray  penetrated  the  me- 
H  dravi  H  K  perpendicular  to  H  P,  and  dium  perpendicularly,  twice  the  thick- 
continue  P  E  until  it  meet  it  at  I.  Then  ness  of  the  air  was  equal  to  (he  length 
F  I  will  be  the  interval  of  the  tits  of  the  of  (he  course  of  the  ray  in  passing 
oblique  ray,  and  PH  will  Iw  the  thick,  through  it  and  returning,  and  this,  there- 
ness  of  a  plate  of  air  through  which  fore,  was  the  interval  of  the  tits.  But 
the  ray  paasei  between  two  successive  when  the  ray,  as  in  the  present  case, 
fits.  penetrales  the  air  obliquely,  the  course 
It  appears  from  hence  that  the  inter-  of  the  ray  in  passing  through  it  and  re- 
ral  of  the  fits  of  an  oblique  ray  depends  turning  is  more  than  twice  the  thickne 
on  three  things ;  first,  tlie  angle  of  obli-  of  the  air.    Let  FH  O^.  4BJ  be  tl 


yal  of  the  fits  of  an  oblique  ray  depends  turning  is  more  than  twice  the  thickness 

on  three  things ;  first,  tlie  angle  of  obli-  of  the  air.    Let  FH  (/  ' 

quity;  second,  the  refrangibility  of  the  Fig.  46. 

lurht!  and  thirrl.  QTi  4h«in»fnu!tiTi(r  nnwn-  * 


;  and  thiiij,  on  the  refracting  power 
of  the  media  which  tmund  the  Ihin  trans- 
parent plale  through  which  the  light 
passes.  The  relation  by  whidi  the  in- 
terval depends  on  these  elements,  ap- 
pears complex  in  the  preceding  explana- 
tion. This  complexity  is,  however,  only  thickness  of  the  ur,  and  let  A  H  Iw  the 
apparent,  and  anses  from  the  necessity  ray  entering,  and  HB  emerging.  The 
of  throwing  our  account  of  it  into  a  lines  AH  and  H  B  taken  together, 
popular  form.  Expressed  in  the  Ian-  form  the  course  of  the  ray  within  the 
^age  of  Trigonometry  and  Algebra,  it  plate  of  air.  These  lines,  therefore, 
IB  sufficiently  simple.*  taken  together,  or  twice  A  H,  is  tiie  in- 

(67.)  The  maimer  in  which  Newton  de-  terval  of  the  fits. 
duced  this  relation  from  observation  of        In  explaining  the  laws  which  govern 
the  rings  may  easily  be  conceived,  by  these  phenomena,  we  have  referred  con- 
recurring  to  the  method  by  which  he  rtantly  to  a  tlun  plate  of  air  inclosed 

betweeil  two  aurfaces  of  glass.     The 

•  iiiiTnriiimbtf<ii,HNgiri«  doautrintii*  presence  of  air,  or  any  other  material 

i'^*'^l'°'*!r'*!K"  "j«™*'.''t''^«'"*>"*  ■gent,  is  not  necessary  for  the  prod uc- 

aii!;irh:;5riw°^S?t".-£.rr^  S^noftbeeifects.    Tie  lens«.  wWch 

nl^,wtal)i«'lWtaHlnstUBUtgtedniadtd  WO  have  dewntwd  (54)  would  exhibit 

|wa>d>rlrHO>>al>iB>ltio».»&iuA<>«.0<>  the  .ame  rintm  nf  fnlniir  if  nl.e«t  unHw 


<Bbu«iii^(or,ifinM»a(%<niaaat«i,rH,  ao  exhausted  recuver.    Ail  that  is  ne- 

ijuiHi  ■(b^uiiMPX.wUi  ba  wai  taOi  oessarr  to  produce  the  nhenomena  is. 

witk  DT).  nil  fonBai*  ii  ogBdrirai  witt^  "iBt  two  refracting  surfaces  should  be 

ft*"?,''"^''**—-  .Kotd™«««n.ttMfc.(iu  placed  close  together,  so  as  to  include  ■ 

EK1£.iT£:SSS"fiEtlSa^.ta!  between  a  thi?  transparent  space.    In 

RkM>k»a*r>N*.ii4&  '      *"  putiDgtluflrrtnirfiwetben7swiUb« 
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cond  surface  in  a  fit  of  easy  transmisjion 

will  peniflrale  it,  while  (hose  which  meet 
it  in  &  £t  of  easy  reflectioQ  will  be  re- 
flected from  it 

(68.)  The  interval  of  the  fits  changes 
with  the  refracting  power  of  the  thin 
mediHm  hTiversed  by  the  light.  The 
relation  of  this  interval  to  the  refracting 
powiT  was  detected  by  Newton,  and 
may  be  exhibiled  ai  follows: 

With  a  centre  C  ( &.  49)  and  a  radius 
C  A,  describe  a  senilcircle,  and  from  any 


point  G,  tiirough  the  centre  C,  draw  the 
rirfit  line  G  C  H.  From  H  draw  H  m 
parallel  to  B  A,  and  meeting  at  m  a  line 
E  D  drawn  through  the  centre  perpendi- 
cular to  B  A.  Let  H  n»  represent  the 
length  of  the  interval  of  the  fits  when 
the  ray  traverses  a  vacuum.  To  find 
the  length  of  a  fit  when  the  medium  tra- 
versed by  the  rav  is  water,  draw  C  H  in 
that  direction  which  a  ray  of  light  com- 
ing in  the  direction  GC  would  take  in 
passing  from  a  vacumn,  through  the 
lurfaxx  B  A,  into  water.  Let  this  direc- 
tion be  C  H',  and  from  H'draw  H'm' 
Eirailel  to  B  A.  This  line  H'  m'  will 
e  the  interval  of  the  fits  when  the  ray 
passes  through  water.  Again,  if  the 
medium  be  dass,  draw  C  H"  in  the 
direction  which  the  ray  G  C  would  take 
in  passing  from  a  vacuum  into  glass, 
and  H"  m"  is  the  interval  of  the  fits. 

Thus  it  appears  that  the  greater  the 
refracting  nower  of  the  medium  tra- 
versed b;  the  light,  fhe  shorter  will  be 
the  interval  of  its  fits. 

Newton  discovered  this  law  by  intro- 
dudng  transparent  liquid*  between  tho 


lenses,   whose  retracting  bdwers  were 

greatet-  than  that  of  air.  "  Upon  wetting 
the  object,  passes,  at  their  edges  the 
water  crept  in  slowly  between  them,  and 
the  circles  therebj'  became  less  and  the 
colours  more  faint,  insomuch  that,  as 
the  water  crept  along,  one-half  of  them, 
at  which  it  first  arrived,  would  appear 
broken  off  from  the  other  hilf  and  con- 
tracted into  a  less  room.  By  measur- 
ing them  I  found  the  proportion  of  their 
diaineters  to  the  diameters  of  thfe  like 
circles  made  by  the  air,  to  be  about  seven 
to  eight,  and  consequently,  the  intervals 
of  fhe  glasses  at  like  circles,  caused  by 
the  water  and  air,  to  be  as  three  to 
four*.  Perhaps  it  may  be  a  general 
rule,  that  if  any  otlier  medium  inbre  or 
less  dense  than  water  be  compressed  be- 
tweeii  the  glasses,  their  intervals,  at  th« 
rings  caused  therehy,  will  be  to  their 
intervals  caused  by  interjacent  ur,  as  the 
sines  are  which  measure  the  refraction 
out  of  that  medium  into  air."  These 
tinet  are  the  lines  H  m,  H'  m',  H"  m", 
&Q.  in  our  explanation. 

(69.)  It  is  remarkable,  that  whatever  be 
the  matter  of  which  the  then  transparent 
medium  traversed  by  the  light  is  com- 
posed, the  same  colours  will  be  reflected 
m  the  same  order.  ,  This  arises  fivim  the 
circumstance  of  the  fits  being  regulated 
by  the  same  law  in  all  substances,  one 
differing  from  another  only  in  the  length 
of  the  interval,  of  the  fits,  and  whenever 
the  length  of  the  fit  for  any  one  species 
of  hom<^neoua  light  undergoes  any 
change  arising  from  a  change  in  the  re- 
fracting powei  of  the  medium,  the  in- 
tervals for  all  the  other  species  of  homo- 
geneous light  undergo  a  firi^rtiotiol 
change. 

(70. J  The  scale  for  determining  the 
tints  corresponding  to  diB'erent  thick- 
nesses of  the  transparent  medium  would, 
accurately  constructed,  be  a  very  exact 
method,  not  only  of  ascertaining  those 
tints,  but  also  the  primary  colours  of 
which  they  arecomposed.  Newton  has 
given  the  following  Table  of  the  thick- 
ness of  air,  water,  and  glass,  which  re- 
flect tints  corresponding  to  the  several 
series  of  rings  described  in  (34).  The 
numbers  express  millionths  of  aninch. 
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Th«lT  Coloun  i>[  Iha  Bnt  Order 
OftbeHcondOrdM 

VeryBUck 

Air. 

Wetet. 

Giw. 

i 

9 

1 

1 
3 
5 
6 
6* 

I 
■  ' 

I' 

4 

5 

5 

Begi»mi,gotBI«k  . 

til 
Ifif 

19! 

1 

131 
141 

iij 

mt :::::::::::'. 

YbUow 

Bright  Rtd 

21 

2-2  <, 

23 

25 

27 

29 

32 

24 
35J 
36 
40i 

121 

III-! 

>3|i 

Blaeishred 

BI»eUhOreer> 

i'' 

Ml 

22 

y«lbwi.h  Green.... 

□raenuh  BIih 

46 

52i 

3H 
3»I 

S' 

Otthesuth  Order 

Green»hBlue 

'i' 

44 
481 

38 
42 

or  the  WTMth  Order 

Greenish  Blue 

Raddy  While 

71 

77 

53i 

S'l 

Jtl 

A  comparisan  of  thu  Table  with  the 
ftoale  in  ft;.  46  will  give  h  tolerably  ac- 
curate notion  of  the  refiected  tints  and 
ttkeir  compoiition.  But  it  also  nnswers 
the  furthar  purpose  of  measuring  tbe 
thickness  of  a  rnedium  too  tniniite  to  be 
estimated  in  any  other  way.  Thus  the 
size  of  the  minute  parts  of  natural  bodies 
mav  be  determined  from  their  colours. 
"  It  two  or  mors  thin  plates  be  laid  upon 
one  another,  so  as  to  form  one  plate 
equalling  them  all  in  thickness,  the  re- 
sulting colour  may  be  determined.  For 
instance :  Hook  observed  that  a  faint 
yellow  plate  of  Muscovy  glass  laid  upon 
ablue  one  constituted  averydeeppuiple. 
Tbe  yellow  of  the  first  order  is  a  ^nt 
one,  and  the  thickoess  of  the  plate  e%- 
hitnting  it  U  4|,  to  which  add  9,  the 


thickness  exhibiting  blue  of  the  second 
order,  and  tlie  sum  will  be  13|,  which 
is  the  thickness  exhibiting  the  purple  of 
the  third  order." 


The  Theory  of  Coloun,  eontimted, 
(71.)  Iv  explaining  the  theory  of  co- 
lours, it  was  shown  that  the  colours 
of  natural  bodies  arose  irom.an  k(&- 
tude  in  them  to  reflect  the  rays  of 
some  colours  rather  than  tliose  of 
olhers.  The  experiments  and  investi- 
gations noticed  in  the  preceding  Chap- 
ter, now  enabled  Newton  to  advance  a 
step  further  in  the  inquiry  into  the 
causes  of  the  colours  of  natural  bodies. 
He  aocotdingly  proceeds  to  discuu  the 


OF  NEWTON-8  OPTICS.  SS 

piinciplet  to  which  bodies  owe  this  <mti-  is  a  test  bj  which  a  chiiig«  of  ieanff 

tutU  to  reflect  some  lights  rather  than  may  t>e  as  certainly  tMotained  u  hf 

others,  and  to  trace  this  eiptitude  to  the  reaction. 

inlernol  constitution  and  essential  nature  A  ray  of  light  falling  on  ttte  sorface 

of  the  bodies.  of  a  body  in  a  fit  of  easy  transmission, 

A  very  close  analogy  may  t>e  ob-  enters  it  If,  after  penetrating  to  a  small 

served  between  the  phenomena  of  re-  depth,  il  meet  with  a  point  at  which 

flection  and  refraction.      It  has  been  there  is  a  change  of  density,  and  be  at 

proved  that  those  ^ecies  of  light  which  the  same  lime  in  a  fit  of  easy  reflection, 

were  most  refrangible  were  also  most  it  will  retrace  its  course.     According  to 

reflexible.    But  it  further  appears  that  this  yievi,  every  body,  how  opaque  lo 

those  surfaces  at  which  light  is  most  ever  it  l>e,  is  transiinrent  to  a  certain 

powerfully  refracted   have   a  proper-  depth  within  its  surface.    Experiments 

tionately  mtenee  power  of  reflection.  sufficiently  evince  the  truth  of  lliis  pro- 

A  lur/ace  which  separates  glass  from  position.     If  a  very  thin  lamina  of  the 

air  has  a  considerable  refractive  power,  roost  opaque  substance   be  suspended 

That  its  reflective  power  is  also   great,  before  a  hole  tlu-ough  which  a  beam  of 

will  ht  seen  by  looking  into  the  side  of  light  is  admitted  into  a  dark  room,  it 

a  prism  at  its  base,  the  eye  being  placed  will  be  manifcstlv  transparent,  and  light 

so  as  to  view  the  base  obiiqueW  and  the  will  be  perceptible  through  it,  provided 

side  perpenthcularly.    The  reflection  of  it  be  sufficiently  attenuated. 

light  from  the  base  will  lie  so  intense,  From  all  thia  it  seems  not  impossible 

that  every  object  seen  in  it  has  all  the  that  the  intimate  particles  or  molecules 

vivid  splendour  of  reality,  of  opaque  or  coloured  bodies,  are  sepa- 

The  surface  which  separates  giass  rated  by  minute  pores  or  spaces,  which 
fh>m  water  has  a  much  leas  refracting  are  either  entirely  void  or  filled  with 
power,  and,  accordin^y,  we  find  the  some  subtle  matenal  of  a  difi'erent  den- 
reflective  power  proportionateljr  dimi-  sity  from  the  molecules  of  the  l)ody,  in 
nished.  If  the  pnsm  just  mentioned  be  the  same  manner  as  aliquid  pervades  ths 
laid  with  its  base  upon  water,  the  splen*  particles  of  a  solid  substance  which  it 
dour  ofthe  reflection  will  be  considerably  holds  in  solution.  If  we  admit  that  light 
impaired,  and  the  images  seen  in  the  penetratestheextemaliurfaceofopaque 
base  will  no  longer  have  the  intense  bodies,  afact  which  experience  proves,wB 
briUiancy  which  was  observable  when  must  also  admit  the  existence  of  spaces 
the  medium  below  the  base  was  air.  To  within  that  body,  filled  by  *ometnet&an 
this  cause  the  diamond  owes  its  lustre,  differing  in  density  from  the  moleculei 
Its  refracting  power  is  greater  than  that  of  the  t>ody  itself ;  for,  without  this  dif- 
of  most  other  substances.  In  conform  ference  of  density,  there  could  be  no  ra- 
mity  with  the  principle  here  laid  down,  flection,  and,  consequently,  no  opacity, 
its  reflecting  power  is  proportionately  {73.)  There  are  many  experiments br 
great,  and  we  find  the  reflection  of  light  which  phenomena  are  ehciled,  whicn 
from  its  inner  surfaces  of  a  correspond-  seem  to  aupport  the  hypothesis  that  the 
im;  intensity.  On  the  other  hand,  if  a  discontinuity  of  parts  is  the  cause  of  opk- 
surface  separates  two  media  of  equal  city.  If  the  pores  of  an  opaque  body  be 
refracting  powers,  no  refraction  takes  filled  with  any  substance  of^nearly  fha 
place  inpassingfromthe  one  medium  to  saraedensityor  refracting  power,  it losei 
the  other,  and  so  neither  do  we  find  any  its  opacity,  and  becomes  diaphanous, 
reflection.  Thus,  at  the  point  at  whicn  Paper  and  oil  have  nearly  equal  refraet- 
the  lenses  touched  in  the  experiment  ing  powers.  Dry  papo"  is  opaque  j  but, 
described  in  (54),  no  light  was  reflected  when  steeped  in  oil  until  its  pores  are  in 
at  whatever  obUquity  it  was  viewed.  a  great  degree  filled  with  that  fiuid,  it 

(72.)  Newton,  therefore,  concludes  that  acquires  a  proportionatedegree  of  traiw- 

the  reason  why  uniform  pellucid  sub-  parency.     In  the  same  manner,  linen 

stances,  such  as  water,  glass,  or  crystal,  cloth,  and  many  other  substances  of 

reflect  DO  light  except  from  their  surfaces,  very  imperfect  transparency,  will  hava 

is,  because  every  part  within  those  sur-  that   quality  perceptibly  incrtased  by 

fiice3baaanunifurmrefractingpawer,or  being  steeped  in  liquids  whose  refrasting 

hat  in  every  place  the  same  density.  He  power  a  nearly  equal  to  thdr  own, 

infers  that  flection  of  light  may  always  On  the  other  hand,  the  moat  trnn*- 

bt  lajten  ai  an  indication  of  a  change  lucent  bodies  may  be  rendered  opaque 

of  density  in  the  medium  at  that  point  by    extrkating   from  their   pores  the 

irben  the  idlection  i>  made,  and  that  it  matte;  which  pervades  them,  which  majr 
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)}q  doqe  \)j  sqwrating  their  parts  by  glemtertiitialmaefiajerj^ueii^irai- 

piecha.DicEd  division;  or  the  suntle  per-  nished.    'f'''^  "i"^ ''"'''<"'  >*  carried  so 

VHding  B^ent  may  b«  banished  by  heat  Tar,  that  it  is  leas  than  the  mterva)  be- 

or  ctieinical  tkction.     Thus,  pulverised  tween  a  fit  of  easy  transmission  and  one 

i;lass  and  the  shavings  of  horn  are  no  of  eitsy  reflection,  &nd  consequently  the 

□liger  transparent  Wet  paper  becomes  hght  is  transmitted,  and  the  solution  is 

opaque  upon  evaporating  the  moisture  diaphanous. 

by  heiit  i  and  salts  and  other  substances,  (75.)  There  are  many  aQato^es  which 

held  in  solution,  lose  their  transparency  support  the  opinion,  that  the  colours  of 

by  nrecipilation.  natural  bodies  are  produced  upon  the 

On  9ui:h  grounds  Newton  assumes  same  principle,  sovemed  by  the  same 
that  the  parts  of  opaque  bodies  are  se-  laws,  and  attended  nith  efitets  in  all 
parated  by  interstices ;  but  he  even  goes  respects  the  same  as  thoseproduced  by 
further.  He  affirms  that  these  inter-  their  transparent  plates,  as  explained 
stices  must  have  certain  determinate  in  the  last  chapter.  One  of  these  thin 
magnitudes,  and  there  are  limits  nithin  transparent  plates,  provided  it  be  of  uni- 
vrhich  they  cannot  come.  In  the  form  thickness,  will,  in  every  part,  re- 
experiment  vtith  the  lenses  (5i),  the  fleet  the  same  colour.  Let  it  be  sUt  into 
black  central  spot,  within  which  the  threads, orbrokenintofragments;  every 
transmission  of  the  light  was  total,  was  piece  will  separately  reflect  the  same 
much  Jarger  than  the  point  of  contact  colour  a;  the  entire  plate.  A  heap  of 
of  the  glass,  and  no  lignt  was  reflected  these  fragments  will  still  appear  of  the 
until  the  air  attained  a  certain  thickness,  same  colour ;  and  if  a  natural  hody  bt 
In  like  manner,  if  a  soap-bubble  be  considered  as  a  mass  of  such  Fragments, 
examined,  it  will  be  found  that  as  the  it  must,  on  the  same  grounds,  exhibit 
liqiud  wtuch  forms  it  subsides,  the  top  the  same  colours, 
becomes  so  thin  as  to  reflect  no  light.  It  will  be  recollected,  that  thin  plates, 
and,  consequently,  appears  black.  In  viewed  at  different  obliquities,  shifted 
order,  therefore,  to  reflect  light,  the  dis-  their  tints,  the  lengih  of  Ihe  fits,  and, 
tancea  between  Ihe  particles  of  a  body  therefore,  the  species  of  the  light  re- 
must  l>e  such  as  to  allow  the  pervading  flected>  ehangin^;  with  every  change  in 
medium, whateverit  be,  to  exist  insufli-  the  obliquity  of  Ihe  light  to  the  ^te. 
ciently  thick  parts ;  otherwise  the  dis-  In  conformity  with  this,  many  natural 
tances  between  the  particles  would  be  bodies  vary  their  hues  with  the  point 
less  than  half  the  interval  of  the  flts.  and  from  nhicli  tliey  are  viewed.  The  plu- 
the  ray,  throughout  the  whole  thickness  mage  of  birds,  and  more  especially  of 
of  the  medium,  would  be  in  a  fit  of  easy  the  peacock,  presents  a  .^lendid  in- 
transmission.  stance  of  this.     Changeab  u  silks,   and 

This  Newton  comiders  to  be  the  case  almost  all  dyed  clothes,  are  attended 
with  water,  glass,  translucid  stones,  with  a  similar  effect.  A  spider's  web, 
and  other  transparent  substances.  That  when  finely  spun,  exhibits  colours.  All 
there  are  spaces  between  their  particles  these  phenomena  t>ear  a  close  and  ob- 
is beyond  doubt  But  those  spaces,  re-  vious  analogy  to  those  which  occupied 
latively  to  llie  pervading  medium,  are  our  attention  in  the  last  chapter. 
circumstanced  m  the  same  way  as  the  (76.)  But,  further,  some  substances 
ur  immediately  around  the  point  of  con-  reflect  one  colour  and  transmit  another, 
tact  of  the  Lenses ;  they  are  too  small  to  like  tlie  air  between  the  lenses  in  (54). 
reflect  l^ht,  and  the  ray  never  has  space  Examples  of  this  will  be  found  in  leaf 
enough  in  any  of  them  to  pass  from  a  gold,  some  species  of  stained  glass,  and 
fit  of  easy  transmission  into  one  of  easy  the  infusion  of  Ugnum  nephriticum. 
reflection,  and  consequently  it  is  wholly  The  coloured  powders  used  by  painters 
transmitted.  change   their   tints   tiy   mere   grinding. 

(74.)This  theory  derives  some  further  The  parts  being  thus  reduced  in  size, 

support  from  the  efiects  of  the  solution  reflect  various   colours,  in  the  same 

of  solid  substances  in  liquid.     The  par-  manner  as  a  tra.isparent  plate  would  by 

tide*,  by  a  subdivision,  inconceivably  reducing  its  thickness. 

minute,  are  brouifhl  inio  closer  con-  No  example  more  strongly  supports 

tact;    and,    alihous'li   the    sohil    affer  Newton's  reasoning  than  those  which 

solution,  tills  a  greater  space,  and  the  aresu  common  in  chemical  experiments, 

aggregat*  of  the  interstices  of  its  parts  in  which  various  chanires  of  colour  are 

must  Uieieiure  he  increased,  yet  the  produced  by  the  admixliire  of  different 

aiUxiivision  is  ao  minute  thul  eveiy  ma-  species  of  liquids.    Two  Ji^uids^  eocli  cif 
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idiMi  w  pertietly  kHUMRQt.  will  fre-  intb|0>n,inllnAaotsiMsaftlMt)nid 
qoently,  wheii  mixet),  t»t  iitroiigly  co-  order;  |fi|  expretses  Qie  numbet  ot 
Mured.  This  piay  be  conceived  to  &rUe  miUionth  paita  of  an  inch  ia  it 
from  the  mulual  aotioii  of  the  corpus-  (73.)  The  received  opinion  respecting 
cIbs  of  the  tvf  o  hquids :  they  either  cre&te  the  cause  <f  reflection  of  light  n aa,  thtA 
or  deitroy  the  connexion  of  ptulicles,  its  particles  impinged  upon  Qie  hard  sur- 
■nd  cause  the  molecules  to  swell  or  face  of  the  solid  parts  of  the  reflecting 
shrink,  whereby  not  only  their  bulk  but  body,  and  were  reflected  by  the  reaction 
their  dennty  may  be  changed.  of  uiat  surface,  in  the  seme  manner  as 
This  change  of  the  matcnitudes  of  the  an  elastic  sphere  ia  reflected  when  it 
particles  and  their  interstices  is  an  ade-  strikes  a  hard  plane.  This  opinion 
quate  cause  for  the  chanj^e  oi  colour,  seemed  to  be  countenanced  by  the  lavr 
according  to  Newton's  theory.  of  reflection  of  hght,  which  is  the  same 
It  is  observable  in  expenmenta  such  as  that  which  regulates  the  reflection  of 
as  those  descrit)ed  in  the  last  chapter,  all  elastic  spheres  impinging  upon  hard 
that  when  the  thin  transparent  medium  aur&ces.  Newton,  however,  held  that 
which  reflects  the  colours  is  more  dense  light  does  not  impinge  on  the  solid  and 
than  the  surrounding  medium,  the  co-  impervious  parts  of  bodies,  but  is  re- 
lours  are  much  morevivid  and  brisk,  fleeted withouthavingencounteredtheae 
and  less  liatile  to  shift  their  tints  with  a  surfaces.  He  shows  many  difficulties 
change  in  the  direction  in  which  they  wbicb  attend  the  hypothesis,  that  light 
are  viewed.  This  will  be  evident,  by  impinges  on  the  sond  parts  of  bodies  in 
compaiing  the  efiect  of  thin  films  of  reflection,  among  which  the  following 
glass  or  mica,  the  ambient  medium  may  be  noticed. 
oeingair,  withthalof  a  thinplateof  air.  If  light,  after  paasiog  through  glass, 
inclosed  between  two  pieces  of  piale  be  reflected  by  the  surface,  the  ambient 
glass.  ¥Vom  this  circumstance,  Newton  medium  being  air,  the  reflection  wiU  be 
supposes  that  the  parts  of  bodies  on  stronger  than  it  would  be  if  the  light 
which  Iheir  colours  depend  must  be  had  passed  through  the  air  and  been 
denser  than  those  which  fill  the  remain-  reflected  by  the  surface  of  the  glass, 
■ng  spaces  within  the  surface  of  Ihe  qnd  much  stronger  than  if  the  ambient 
body.    For  the  colour  of  a  body  beiiu;  medium  had  been  water.    This  efi^ect 

" " '      '  ■"    "  ■"'  "  "--■-■  -'  'J  •--'  •  -  jj,g  conclusion,  that  the 

„    .               .                            „  ,                      r  repelled  the  light  with 

colour  were  rarer  than  the  surrounding  greater  force  than  those  of  either  water 

medium,  all  tints  wouki  t)p  reflected  at  or  glass.     But  it  is  still  more  unac- 

different  obliquities,  and  so  Ihe  body  countable  on   this  theoiy,  that  upon 

would  appear  while  or  grey.    But  if  the  withdrawing  the    air  &om  about  the 

parti  ^^ectiog  colour  be  more  dense  glass  by  an  «r-pump,  the  reflection  of 

ihantheathers,thelighlsreflectednearly  tlie  light  from  the  surface  which  sepa- 

perpendiculai  will,    liy  predominating  rates  the  glass  from  the  vacuum  ia  still 

over  the  oblique  ones,  give  their  own  stranger  than  in  either  of  the  former 

colour  to  the  body.  cases. 

(77.)  All  the  preceding  reasoning  led  If  theli^t,  after  pasut^  through  the 

Newton  directly  to  the  inlerence,tham«  glass,  be  incident  on  the  aurface  mora 

colour  oj  a  body  furmshe*  4  mean*  of  obliquelv  than  at  an  angle  of  41°,  it  will 

detarmming  the  tnagmtuda  of  the  utti-  be  wno%  reflected ;  but,  at  all  obliqui- 

tnaie  irimtporant  corpatciet  qf  which  it  ties  less  than  this,  it  will  be  transmitted. 

uoompotea.  Many  circumstances  render  Hence,  if  we  admit  that  the  imnact  on 

it  probat>le,  as  Newton  conceived,  that  soUd  parts  is  the  cause  of  reflection, 

the  parts  of  l>odies  hare,  for  the  most  and  tnerefore  the  penetration  of  in* 

part,  the  same  rebaotive  density  as  those  terstices  the  cause  of  transmission,  we 

of  water  or  glass.  This  being  assumed,  are  compelled  to  suppose,  that  at  obli- 

it  follows  that  the  diamet«'  of  the  cor-  quities  greater  than  41°,  all  the  parts  of 

pusde  of  a  body,  which  has  any  pro-  uie  light  encounter  soUd  parts  of  air, 

posed  colour,  is  equal  to  the  thickness  but  at  In*  obliquitiea  tbev  all  pasa  into 

of  aplateofwaterorglass, which  would  pona  or  interstices;  and,  on  the  other 

_  rcAect  the  ume  ook>ui,  and  which  may  hand,  that  in  passing  Uirough  air,  and 

'  alwav*bedeteraiimdbytiieTaUe,i>.&2.  inqpinging  upon  glass,  it  never  falls  to 

and  by  the  Seale,  fit^  46.  Thus,  if  it  be  muA  porei  enough  to  transmit  nearly 

desired  to  know  the  diameter  of  a  cor-  the  whole  of  it,  even  at  the  moat  <^que 

puMle.  shiclb  twioy  of  eqit«l  d/eot^  iocideoeM    Bone  ouj  rappoM  vat 
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the liKht,aflerpa»ing through  theglus,  even  in  this  cue,  bodies  of  thia  natare, 

ii   reflected— not   by  the  parts   of  air  when  compfired  with  one  another,  have 

contiguous  to  the  gl&a*,  but  by  the  Inst  refractinf;  powers  in  a  ratio  not  vet;  re- 

pnrticles  of  the  glani  ilselt    This  auppo-  mote  from  th&t  of  their  densities. 
sirion,  however,  is  scarcely  intelligible,        The  sulphurtKius  principle,  therefore, 

and,  besides,  is  contradicted  by  wetting  seems  to  increase  the  action  of  bodies 

Uie  surface  of  the  glass,  which  immedi-  on  light ;  and  Newton  conjecture:)  ihnt 

ately  atfeds  the  reflection,  which  could  this  principle,  existing  more  or  less  in 

not  be  the  case,  if  the  reflection  were  all  bodies,  may  be  the  cause  of  all  tlie 

made  by  the  parts  of  the  glass.  phenomena  of  reflection  and  retraction. 

It   has  been  shown  that  two  kinds  "  And  as  light  congregated  In'  a  biim- 

of  homogeneous  light — say  blue  and  ing  gfass  acts  most  upon  sulphureous 

red — might   be   incident   at   the   base  bodies  to  turn  them  into  fire  and  flame, 

of  a  priim,  with  (he  same  obliquity,  go,  since  all  action  is  mutual,  sulphurs 

and  so  that  the  red  should  be  wholly  ought  to  act  most  upon  light.    For  that 

transmitted,  and  the  blue   wholly  re-  the  action  between  light  and  bodies  is 

fleeted.      In  this  case  it  seems  incoo-  mutual,  may  appear  from   this  conai- 

ceivable,  that  the  red  rays  should  every-  deration ;  that  the  densest  bodies  which 

where  fall  on  pores,  and  the  blue  rays  refract  aitd  reflect  light  most  atronifly, 

on  solid  parts.    A  similar  difficulty  at-  grow  hottest  in  the  summer  sun,  by  the 

tends  the  explication  of  all  the  pheno-  action   of  the   refracted   and  refli^cted 

meua  of  thin  plates  explained  in  the  light." 

la^t  chapter,  for  we  must  there  suppose.  This  last  observation  of  Newton  hns 
that  the  transmitted  rays,  being  all  of  been  since  proved  incorrect.  The  most 
certain  species,  meet  only  with  pores  dense  bodies,  if  transparent  and  colour- 
while  the  rays  of  the  compiemental  co-  less,  do  not  grow  hot.  However,  the 
lours  encounter  nothing  but  solid  parts,  theoi;  which  has  formed   the    subject 

Still   greater   difSculties  attend  the  of  tbi^c  chapter,  and  which  has  been 

explanabon  ofthe  phenomena  of  reflec-  dven  substantially  as  Newton  himself 

tion  of  light  at  polished  surfaces,  ac-  has  left  it,  must  be  received  as  matter 

cording  to  thia  theory.    The  substances  of  hypothesis.     To  discuss  its  merits, 

used  in  pohshing  glass  and  other  sur-  and  compare  it  with  subsequent  expe- 

facea,  only  bring  the  roughness  of  the  rimenta    and    theories,   woiild    greatly 

surface  to  a  very  fine  grain,  so  that  the  exceed  the  limits  of  the  present  treatise, 

inequalities   become   too   small   to    be  Our  obJeiA  here  is  to  give  a  succinct 

perceptible   either   to    sirht    or  touch,  popular  account  of  "  Newton's  Optics," 

Hence,   since  innumerable  inequalities  and  not  to  discuss  the  relative  merits  of 

exist,   irregulariy   distributed   over  the  the  different  theories  which  have  heen 

most  polished  surface,  it  follows,  that  if  advanced  to  represent  the  phenomena. 
the  light  were  reflected  by  impinging  on 
the  surfaces  of  the  solid  parts,  it  would  Ch&i>tzb  VIll. 

(79.)  Nenton,therefore,considersthat  (SO.)     Thb  colours  produced  bv  the 

light  is  reflected — "not  by  a  single  point  reflection  and  transmission  of  lignt  by 

of  the   reflecting   body,   but   by   some  thin  transparent   plates  are  not  pecu- 

power  of  the  body  which  is  evenly  dif-  liar  to  these,  but  may  also  be  exhibited, 

lusedoveritssurface,andbywhichitacts  under  certam  circumstances,  by  plates 

upontheray  withoutimmedialecontact ■"  of  considerable  thickness.    By  a  series 

By  a  comparison  of  the  retracting  of  experiments  with  concave  glass  re- 

poweri  of  substancM  with  their  densi-  Sectors,  silvered  on  the  convex  side, 

lies,   Newton  traced   an  evident  con  Newton  made  these  phenomena  mani- 

Dexion  between  them.    In  all  bodies,  fest,  and  applied  bis  hypothesis  of  the 

whether  solid,  liquid,  or  aeriform,  ex-  fits  of  easy  reflection  and  transmission 

cept  such  as  be  of  an  unctuous  or  sul-  successfully,    in   accounting   for   them, 

phureous  nature,  the  refracting  powers  and  in  reducing  them  to  the  laws  which 

are  very  nearly   in  the  proportion  of  were  explained  in  the  sixth  chapter, 
their  densities.    A  body  cf  an  unctuous        Before  we  proceed  (o  describe  these 

or  sulphureous  nature,  compared  with  experiments,  it  is  necessai;  to  remind 

one  which  is  not  so,  has  a  greater  reta-  the  reader  of  the  several  efi'ects  which 
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enterini;  the  medium  is  reeularl;  re- 
b«^ed.  But  beiidestbese, which  maybe 
considered  «i  the  principal  parts,  there  is 
itill  analher  jMrtion  nnich  is  scattered 
about  in  all  directions  around  each  point 
of  incidence,  both  within  and  without 
the  refracfine  medium.  It  is  this  portion 
of  the  inddent  light  which  serves  to 
render  the  surface  visible  to  an  eye 
plued  in  any  situation  with  respect  to 
it  For  if  no  lieht  proceeded  in  any 
other  directions  than  those  of  the  regu- 
larly reflected  and  retracted  rajs,  the 
■uriace  trculd  be  invisible  to  every  eye, 
except  to  one  placed  in  these  directions. 
It  is  to  the  portion  of  light  scattered 
thus  irregularly  that  the  phenomena, 
which  we  are  now  about  1o  describe, 
•re  to  be  traced. 

Newton  procured  a  concave  glass 
speculum  or  mirror,  silvered  on  the  con- 
vex side,  and  in  every  part  exactly  a 
i]uarterof  an  inch  thick.  This  he  placed 
in  a  da:kened  chamber  opposite  the 
window,  through  which  a  beam  of  light 
wasadmitled.  ^e  radius  ofthe  sphere  on 
which  Ihe  mirror  was  ground  was  about 
six  feet,  so  that  the  centre  of  the  mirror 
was  at  that  distance  from  its  surface. 
At  the  centra  of  the  mirror  he  placed  a 
white  opaque  paper  screen,  having  a 
small  hole  in  it,  and  so  adjusted  the 
mirror  and  the  screen,  that  the  beam  of 
light,  passing  through  the  hole  in  Ihe 
screen,  should  fall  upon  the  mirror,  and 
be  reflected  back  from  the  mirror  to  the 
same  hole. 

Let  A  B  f/fe-.  SO)  be  the  minrar,  C  D 
Fig.  SO. 


the  screen  placed  before  it,  so  that  the 
hole  O  shall  be  at  the  centre  of  the  mirror. 
The  rays  of  light,  passingfrom  0  to  the 
mirror,  will  fall  perpendicularly  on  it, 
and  consequently  all  Ihe  regularly  re- 
flected rays  will  return  to  U ;  and  as  far 
as  these  rays  are  concerned,  the  side  of 
the  screen  presented  to  A  B  will  b«  as 
dirk  M  if  na  light  paaaed  through  0  to 


the  mirror.  Neratbelen,  upon  ohaerv- 
ing  the  screen  presented  towards  A  B, 
Newton  found  this  not  to  be  the  casei 
He  observed  upon  the  paper  "  four  or 
five  concentric  irises  or  nnp  of  colours 
like  rainbows,  encompassing  the  hole, 
"niese  rings,  as  they  grew  larger,  became 
fainter  aiM  diluter,  so  that  the  fiflh  was 
scarce  visible.  Yet,  sometimes,  when 
the  sun  shone  very  clear,  there  appeared 
to  be  faint  lineaments  of  a  sixth  and  a 
seventh.'' 

There  was  a  very  obvious  analogy  tw- 
tween  these  rings,  and  those  exhibited 
between  the  lenses  in  S4.  The  co- 
lours did  not  succeed  each  other  in 
the  order  of  the  reflected  rings,  but  in 
that  of  those  which  were  in  that  case 
transmitted.  In  the  centre,  at  and 
around  O,  was  a  white  round  spot. 
This  WHS  skirted  or  fringed  with  a  dark 
grev,  which  insensibly  brightened  into  a 
violet  ring.  This  was  followed  by  a 
circle  of  indigo,  one  of  pole  blue,  a 
greenish  yellow,  a  vivid  pure  yellow,  and. 
finally,  a  red,  which  deepened  into  a 
purple  on  Ihe  outer  edge.  Such  was  the 
first  iris  which  surrounded  the  white 
central  spot. 

This  was  encompassed  by  a  second 
series  of  coloured  rings,  of'^whtch  the 
firstWBS  adark purple,  the  outer  boun- 
Aaiy  of  the  red  in  the  former  series. 
This  was  followed  in  succession  by  cir- 
cks  of  blue,  green,  yellow,  and  red. 

The  colours  of  the  third  and  fourth 
series  were  green  and  red.  Those  of  the 
fifth  were  so  faint  as  to  be  scarcely  dis- 
tinguishable. 

In  order  to  trace  their  connexion  with 
rings  exhibited  by  air  inclosed  between 
the  lenses,  Newton  now  measured  their 
diameters,  and  found  exactly  the  same 
proportion  subsist  among  them  as  pre- 
vailed among  the  rings  seen  by  trans- 
mission in  that  case.  In  order  to  make 
the  relation  of  these  phenomena  still 
more  manifest,  he  now  transmitted 
through  the  hole  0,  not  a  beam  of  com- 
pound solar  light,  but  of  pure  homoge- 
neous light,  obtained  in  the  usual  way 
by  a  prism.  Transmitting  through  O  in 
succession  each  of  the  colours,  he  ot>- 
served  the  effects  on  Ihe  screen.  Rings 
now  only  appeared  of  that  colour  which 
fell  upon  the  speculum.  If  the  specu- 
lum were  illuminated  with  red,  the  rings 
were  totally  red  with  dark  intervals;  if 
wilh  blue,  they  were  totally  blue,  and  so 
of  the  other  colours.  With  whatever 
colour  they  were  illuminated,  the  same 
proportion  subsisted  among  their  dia- 
meters u  was  obterved  with  the  kiMte.  i 
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But  if  the  folour  wu  varied,  thejr  t&-  upon  the  ooDO%Te  nSn  b^  pn  e^e  plwcd 

Tied  (heir  magnitude.    In  the  red  they  within  it,  the  colours  would  be  identical 

were  lugest;  in  the  indigo  and  violet  witb  those  exhibited  by  the  concave  spo- 

leaat ;  and  in  the  intermediate  coloun,  culum  in  the  present  case. 
,  yeUow,  green,  and  blue,  they  were  of       To  ascertain  whether   (he  silvering 

several  intermediate  sizes,  answering  to  upon  the  back  of  the  speculum  had  any 

that  colour.  part  in  producing  the  phenomena  of  the 

Hence  it  wa*  plain,  as  in  the  ease  of  rings,  Newton  tried  the  effect  of  a  simi- 

the  lensea,  that  when  the  speculum  wai  lar   concave   gla-ss,   without  silvering, 

illuminated  with  white  light,  the  several  The  result  was  the  production  of   the 

colours  of  the  rings  were  [uviduced  by  same  rings,  but  with  more  faint  colours, 

the  superposition  of   the  rings  which  owing   to  the  reflecting   power   of  the 

were  separately  formed  by   projecting  second  surface  being  duninished  by  the 

successively  on  the  speculum  the  aeverd  want  of  silvering.  It  therefore  appeared 

component  elements  of  white  lieht.  The  that  the  circumstance  of  the  back  of  the 

several  tints  of  the  rings  produced  by  speculum  beine  silvered,  had  no  other 

the  white  tizht  admitted,  in  this  case,  erf  effect  than  that  of  increasing  the  inten- 

being  found  by  such  a  scale  as  was  ex-  aitf  of  the  colours. 
plained  in  61.  Notwithstanding  the  identity  of  the 

The  diameters  of  the  corresponding  two  phenomena,  aa  well  as  the  complete 

rings  of  different  (ioloursvariedwiththe  similitude  which  existed  between    the 

refrangibiliiy  of  the  light,  and  varied  manner  in  which  they  were  produced, 

exactly  accinding  to  the  same  propor-  Newton  did  not  feel  himself  warranted' 

tion,  aa  in  the  case  of  the  rings  leea  in  applying  the  theory  of  the  fits  of 

between  Uie  lenses.  easy  reflection  and  transmission  in  ac- 

In  order  to  ascertain  whether  the  oo-  counting  for  them,  until  he  established 

lours   seen  upon  the  screen   were  the  thefaotthatthetwoaurfiicesof  the  glass 

mere  effects  oClight  and  shade,  and  not  were  indispensable  for  their  production. 

to  be  attributed  to  the  lights  proceeding  Were  it  possible  for  a  single  surface,  t.  e. 

from  the  mirror,  Newton  placed  his  eye  the  concave  surface  alone,   to  produce 

where  the  riogs  appeaiied  plainest,  and  the  phenomena,  this  theory  would  have 

directing  his  view  towards  die  mirrdr,  he  been  quite  inapplicable,  and  altogether 

beheld  the  speculum  all  tinged  over  with  inadequate  to  explain  them.    To  reduce 

waves  of  colours,  like  those  seen  be-  this  question  to  the  test  of  experiment 

tween  the  lenses ;  and,  like  these,  the  Newton  procured  a  concave  speculum 

rings  swelled  and  contracted  as  they  of  polished  metal,  which  reflected  only 

were  viewed  more  or  less  obliquely  t^  from  one  surftu^    On  presenting  this 

moving  the  eye  ttam  or  towards  the  la  the  light,  in  the  same  manner  as  the 

centre  of  the  speculum.    A  bystander,  glass  speculum,  no  rings  were  produced, 

during  this  experiment,  observed  upon  This  result  was  decisive  of  the  point,  and 

"""   lye  of  the  observer  the  same  co.  proved  that  the  two  surfaces  were  neces- 

d  light  as  he  perceived  in  the  spe-  sary  to  the  production  of  the  rings, 
culum.  It  was  plain  that  the  light,  r^uiarlf 

On  comparing  the  manner  in  which  reflected  trom  the  speculum,  hadnopart 

these  rings  were  produced  with  thai  in  in  these  phenomena ;  for,  as  all  the  in- 

which  the  lik^  phenomena  were  caused,  cident  lignt  radiated  from  the  centre  ot 

as  described  in  Chapter  VI.,  the   only  the  sphere,  it  fell  perpendicular  on  the 

differences  which  are  observable  are  the  speculum,  and   waa  therefore  reflected 

thickness  of  the  glass,  and  the  posterior  back  perpendicularly  to  the  same  centre, 

surface  of  it  being  silvered.     The  thin  The  rmgs,  therefore,  must  owe  their  ex- 

transnarent  medium,  forming  a  soap-  iatence  to  the  light  irregularly  scattered 

bubble,  has  the  same  figure  as  the  spe-  by  the  surfaces  of  the  giaas.    By  the 

culum  used  in  the  present  cast,  with  experiment  already  mentioned  to  have 

this  difference,    that  the  colours  are  been  made  with  the  metallic  speculum, 

in  the  convex  side,  whereas,  in  tlie  it  appeared  that  they  could  not  be  pro- 


the  eye 
loured  lii 


present,  they  are  seen  in  the  concave    duced  by  the  light  scattered  by  the  irre- 
side.    This  circumstance,  however,  so     gularreneetion  of  the  first  surface  alone; 

far  from  impairing  the  analonr,  renden     Ibr,  if  that  were  possible,  the  metallio 


_  i  perfect  men  the  oraer  of  co-  speculum,  by  the  surfaoe  of  which  the 

lours  is  considered,  for  the  rings  are  not  light  was  thus  scattered,  would  have  ex- 

those  aeen  by  reflexion  in  thin  trans-  hibited  them.    The  cause  of  the  pbeno- 

parent  mediuma,  but  by  transmission,  mena  was,  therefore,  to  be  looked  for  ia 

Hence,  il  the  aoap-bubNe  wwe  viewed  the  light  tnegularli  »f[MtoA  b;  the 


dasfi  Wd  reft^^tV  ^f  posterior  sur-  circles  between  the  tununiiiu  >ed  90^1 

face.     The    rays  thui  irreeularly  fe-  on  the  paper.    What  we  have  here  sai4 

frocled  by  the  first  surface  fell  upon  the  of  red  li^ht  may  be  equally  applied  to 

second   surface   at  various  obliquities,  homogeneous  bghts  01  other  colours ; 

and  were  reflected  by  it  regularly  and  ir-  and,  hence,  will  easily  l>e  collected  the 

regularly,  SO  as  to  return  through  the  cause  of  the  various    coloured  rings 

first  surface  at  various  obliquities.    ,  produced  when  the  light  which  emanates 

We  must  here  call  the  recollection  of  from  the  centre  of  the  speculum  is  com- 
the  reader  to  a  property  of  Ihin  plates  pound  solar  llglit,  this  effect  being 
already  mentioned.  A  plale  of  a  cer-  nothing  more  than  the  result  of  the  si- 
tain  thickness  reflects  or  transmits  a  multaneous  exhibilion  of  the  rings  of 
certain  colour,  the  rays  of  light  treinjr  each  colour. 

perpendicular  to  it.   The  rays  being  still  (SI.)  Newton  points  out  one  difierence 

perpendicular,  every  change  of  thickness  between  the  eflect  of  the  speculum  on 

will  produce  a  corresponding  change  of  the  tight  and  that  of  the  thin  plates,  de- 

hueinthereflect^andtransmittedlights.  scritied  in  Chapter  VII.    In  the  latter 

The  very  same  effects,  the  same  shilling  case  the  colours  are  produced  by  aller- 

of  lints,  which  is  thus  produced  hy  a  nate  reflections  and  transmissions  of 

change  of  thickness,  the  rays  remaining  the  light  at  the  second  surface  of  ttw 

perpendicular,  may  also  be  produced  by  plate,   after   one   passage   through   it ; 

changing  the  direction  of  the  rays,  the  but  here  they  pass  from  the  first  surface 

thickness  of  the  pkte  remaining  unva-  to  the  second,  and  then  return  from  the 

ried.   Thus  a  plate  of  a  given  thickness,  second  to  the  first,  there  being  either 

at  a  certain  obliquity,  will  transmit  red  transmitted  to  the  screen  or  reflected  to 

light,  at  another  yellow,  at  another  green,  the  silvered  surface,  according  as  they  are 

arid  so  on.     Also,  if  a  ray  of  a  particu-  in  fits  of  easy  transmission  or  reflection, 

lar  colour  gradually  increases  its  obli-  By  measurir^  the  diameters  of  the 

quil^  from  the  perpendicular  direction,  rings  of  the  diflferent  hghts,  and  com- 

it  will  be  alternately  reflected  aqd  trans-  paring  this  with   the  dbtance   of   the 

milled  for  manj  successions.  BCreen  from  the  speculum,  Newton  as- 

The  glass  mirror  used  in  the  experi-  certained  the  obliquities  at  which  the 
ment  to  which  we  now  refer  was,  in  lights  of  different  colours  emer^  from 
every  part,  of  exactly  the  same  thick'  the  speculum,  and  thence  derived  the 
ness  ;  therefore  the  rings  of  colour  could  angles  at  which  they  were  incident  on 
not,  as  in  the  case  of  the  lenses,  be  the  first  surface  after  reflection  at  the 
ascribed  to  a  regular  varialion  of  thick-  second.  On  comparing  these  with  the 
ness.  The  light,  however,  reflected  irre-  obliquities  corresponding  to  the  lights 
gularly  by  the  silvered  surface  of  this  of  difierent  colours  deduced  from  (he 
speculum,  encountered  the  first  surface  theory  established  in  Chapter  VII.,  he 
after  reflection  at  various  ottliquities,  found  a  perfect  accordance. 
Those  ra^i  which  met  tlie  first  surface  (B3.)  In  order,  however,  to  put  the  mat- 
at  obliquities  proper  for  truismission,  ter  to  a  more  decisive  test,  he  calculated 
were  transmitted  to  the  screen,  where  the  effect  which  the  thickness  of  the 
they  depicted  their  proper  colour,  and  glass  which  formed  the  speculum  would 
those  which  fell  upon  it  at  other  angles  produce  upon  the  diameters  of  the  seve- 
were  intercepted.  Thus,  suppose  a  ray  ral  rings,  and  found  that,  according  to 
of  homogeneous  red  light  radiated  from  the  theory  of  fits  of  easy  reflection  and 
the  centre  to  the  speculum,  all  the  rft  transmission,  the  squares  of  the  diame- 
gularly  reflected  rays  returned  to  the  ters  of  corresponding  rings  produced 
centre.  Those  whicn  being  irregularly  by.  different  mirrors  ahouklM  in  the  in- 
reflected  by  the  second  surface  met  ttie  verse  proportion  of  the  thickness  of  the 
first  surface  at  otjliquities  proper  for  mirrors.  He,  therefore,  prociured  ano- 
transmission,  were  propagated  m  cor-  ther  speculum,  ground  on  both  sides,  to 
responding  directions  to  the  screen,  the  same  sphere  with  Ihe  fisrmer.  Its 
and  Ihey  produced  a  red  tint.  Tticse  thickness  was  A  parts  of  an  inch,  and 
rays  being  regularly  disposed  in  circles  the  diameters  o!  the  first  three  bright 
round  the  axis  of  the  speculum,  de-  rings,  measured  between  Ihe  brightest 
picted  circles  of  red  light  on  the  screen,  purls  of  their  orbits,  at  the  distance  of 
and  the  rays  returning  to  the  first  sur-  six  feet  from  the  glass,  were  3,  4t,  3| 
face  at  intermediate  obliquities  not  inches.  Now,  the  tliickness  of  the  ether 
bdn^  In  fits  of  transmission,  were  in-  glass  being  ^  of  an  inch,  was  to  the 
tcneptsd,  lud  thus  ouised  the  dark  tiiickaewi  uC  Uiis  as  i  to  A>  or  u  68  ta 
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SO,  or  31  to  10,  or  U  310,000,001), 
100,000,000,  which  numbers  are  very 
nearly  as  the  squares  of  17,607  tmd 
10,000,  and  in  the  proportion  of  the  tint 
of  these  to  the  second,  nre  the  diameters 
of  the  bright  rin^s  made  by  the  ttiinner 
glass,  3,  4|,  S},  to  the  Aameters  of  the 
correspondins;  rings  made  by  the  thicker 
((lasFi,  Mi.  2J,  2ii.  This  jierfecl  accord- 
ance of  the  phenomena  with  the  results 
of  tlieory  was  considered  by  N  ewton  to  be 
conclusive  astothe  validity  of  his  hypo- 

Chaftbr  IX. 
Experiment*  on  the  Injiexioit  o/LtghL 
(83.)  In  the  account  of  the  stale 
of  optical  science  before  the  time  of 
Newton,  wliich  was  given  in  the  first 
chapter,  the  discovery  of  the  diSVaclion 
or  inflexion  of  lieht  by  Grimaldi  was 
noticed.  This  phenomenon  was  loo 
sinking  to  escape  the  allention  of 
Newton.  He  aocardine;ly  instituted  some 
axperimenta  with  a  view  to  the  investi- 


gation of  Ibis  ^perty ;  but  he  seems  not 
to  have  had  leisure  or  inclination  to  pur- 
sue  the  subject  to  as  great  an  extent,  or 
to  obtain  results  so  satisfactory  as  those 
which  have  Ijeen  discussed  in  the  pre- 
cedii^  chapters.  In  the  commencement 
of  his  Ihird  book,  however,  be  describes 
some  experiments  which  he  made,  and 
hazards  some  conjectures  on  the  pro- 
bable cause  of  these  phenomena,  which, 
aa  well  as  some  other  matters  connected 
with  physical  science  in  general,  and 
wilh  the  phenomena  of  heat  and  li^t  in 
parliculsx,  he  proposes  in  the  form  of 
queries.  He  slates  that  he  was  inter- 
rupted  in  his  investi^atbns;  that  he  could 
not  afterwards  think  of  taking  these 
things  inio  further  consideration;  and  as 
he  had  not  finished  liis  design,  he  leaves 
these  queries,  in  order  to  a  further  search 
to  be  made  by  olhers. 

The  experiments  which  led  Grimaldi 
to  the  discovery  of  inftexion  were  the 
following.  Through  a  small  aperture 
A6  (J!g.5i}  he  admiUed  a  beam  of 


M  1  G  KIN" 
lii^t  into  a  dark  room.  He  observed 
that  the  light  thus  adnutted,  spread  itself 
in  the  form  of  a  cone,  and  illuminated  a 
large  portion  of  a  screen  CD,  held  per- 
pendicular to  its  direction,  and  at  some 
distance  ftora  the  hole,  the  illuminated 
part  of  this  screen  intn'sasing  with  the  in- 
crease of  distance.  When  an  opaque 
body  EFvas  held  in  the  light  so  as  to 
east  a  shadow  on  the  screen  C  D,  this 
shadow  was  found  to  be  much  larger 
than  it  would  have  been  if  the  light  hod 

Sissed  the  edges  of  E  F  in  right  lines, 
rom  B  draw  the  straight  line  B  F  G 
and  from  A  the  line  A  E  H.  Also  from 
A  draw  the  right  line  A  F  I,  and  from  B 
the  right  line  B  E  L.  Now,  if  the  light 
passes  the  edges  of  E  F  in  right  lines, 
it  is  plain  that  the  space  G  H  will  be 
altogether  deprived  of  light,  and  that 
tconi  (he  limits  G  H  to  I  and  L  respec- 
tively ttiere  will  be  a  parlial  or  penumbral 
illumination ;  but  that  l)eyona  the  limits 
I  L,the  illumination  ofthe  screen  will  be 
as  complete  as  if  the  opaque  object  E  F 
were  not  present.    This  was,  however. 


Beyond  this  shadow,  Pig.ii, 
and  skirting  it,  Grimaldi  n  ou.  i^r 
observed  three  coloured  Ml  {||  ||| 
fringes,  the  broadest  and  KK  \\\ 
brif^test  of  which  was  W%  i  | 
next  the  shadow.  IfX  [xUl  r H Ls 
(_flg.  S2)  represent  the  I'-M  ll  U' 
^ge  of  the  shadow,  the  }■■}]  \\\  || 
spaceNN  ms  blue,  W.  I,  i  J  l\ 
was  colourless,  and  O  0  [^  [|  |j|  jn 
red.  In  the  second  fringe,  n  oa  kv  v 

Q  Q  was  faint  blue,  P  colourless,  and 
RRred.  This  fringe  was  narrower  than 
IhetirstBiid  morefalnl.  The  third  fringe 
T  T,  S  and  V  V,  was  similar  to  the  other 
Iwo,  but  still  narrower  and  fainter. 

When  the  opaque  body  has  a  salient 
angle  as  D  (fig.  S3),  the  fiinges  were 
arched  round  it,  and  at  a  re-entrant 
angle  Iheyintersecled  each  olher  as  at  C. 

Newloii  repealed  and  varied  these  ex- 
periments of  Grimaldi.  He  pierced  • 
plate  of  lead  with  a  pin,  making  a  hole 
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in  it,  the  diameter  of  which  was  the 
42nd  part  of  an  inch.  Through  this  hole 
he  admitted  a  beam  of  Ihe  sun's  li^ht, 
and  round  that  the  shadows  of  hairs, 
pins,  strans,  and  such  slender  sub- 
stances, appeared,  when  received  upon 
a  screen,  to  be  much  lai^er  tnan 
they  would  be  if  the  light  passed  their 
edf^es  in  unbroken  straight  ^ines.  A 
human  hair,  the  breadth  of  which  was 
the  12S01h  of  an  inch,  held  at  12  feet  from 
the  holi',  caat  a  shadow  upon  a  screen 
held  at  4  inches  from  it,  which  was  the 


60th  part  of  an  inch  broad,  that  is,  above 
four  limes  broader  than  the  hfiir.  Like 
effects  were  observable  with  otheropaqui! 
bodies  and  at  all  distances. 

Thoseeffects  were  found  fobe  entirely 
independent  of  Ihe  retractive  power  of 
the  air,  or  ofthe  nature  of  the  body  whose 
shadow  was  formed.  When  the  hair  was 
surrounded  with  moisture,  or  inclosed 
with  a  liquid  between  glass  planes,  the 
effect  was  the  same.  The  scratches 
made  on  glass,  and  the  veins  in  plates 
of  that  material,  produced  shadows  of 
the  same  kind.  Thus  whatever  nas  Ihe 
origin  of  this  effect,  it  was  evident,  that 
it  did  not  proceed  from  the  refractive 
powers  of  bodies,  nor  on  any  quality 
connected  with  the  nattu«  or  properties 
of  bodies  of  particular  species. 

The  way  in  which  Newlon  conceived 
the  rays  to  be  affected  in  passing  the 
body  may  be  thus  explained.  he{  X 
fjig.  S4)  be  a  section  of  the  hair  at  right 


ancles  to  its  leniflh.  LetAD,BE,CP, 
K  N.  L  O.  M  ?.  be  rays  of  lisht  ap- 
proaching  the  hur  in  parallel  directions. 
1  he  ray  A  D  is  deflected  at  D  in  the  di- 
rection D  G,  and  falls  upon  the  screen  at 
G.  In  like  manner  the  ray  K  N,  at  the 
same  distance  below  the  hair,  Isde&ected 
in  the  direction  N  Q,  meeting  the  screen 
at  Q.  Newton  supposes  ihst  Ihe  force 
which  deSects  theli^htdiminishesaslhe 
dislancefrom  the  hair  increases.  Con- 
sequently, the  rays  B  E  and  L  O  will  be 
less  deflected  than  AD  and  K  N,  and 
their  deflected  directions  E  H  and  O  K 
will  cross  those  ofthe  nearer  rays,  if  the 
screen  l>esufBciently  distant  froni the  hair. 
In  like  manner,  the  more  distant  ravs 
C  P  and  M  P  will  be  slil!  less  deflected. 


ray  from  the  hair  becomes  so  great,  that 
the  deflectini;  power  is  lost,  and  the  rays 
proceed  in  straight  lines  to  the  paper  as 
T I  and  V  S.  These  rays  at  I  and  S 
bound  the  shadow,  and  at  the  hair  in- 
clude If  ithin  them  the  deflected  rays,  all 


of  which  they  must  cross  between  the 
hair  and  the  screen. 

The  continued  intersections  of  the  de- 
flected rays  with  each  other  between  the 
hair  and  the  screen  form  curves,  which 
are  concave  towards  the  shadow,  and  the 
distance  between  which  increases  as 
Ihe  distance  from  the  hair  increases.  It 
i.s  evident  also  that  the  illuminated  space 
on  the  screen,  immediately  beyond  the 
boundaries  I.  S  of  the  shadow  is  exposed 
toihe  light  ofthe  deflected  rays  between 
T I  or  V  S  and  the  hair,  as  well  as  to  the 
direct  rays  which  proceed  without  T I 
and  V  S  and  parallel  to  them. 

The  shadows  of  bodies,  such  as 
metals,  stones,  glass,  wood,  horn,  ice. 
Sec.,  exposed  to  Tight  in  this  way,  were 
skirled  with  three  coloured  fringes.  Tlie 
colours  observed  by  Newton  in  these 
fringes  were  as  follows :  the  first  or 
innermost  fringe  whs  violet,  deep  blue, 
light  blue,  green,  yellow,  and  red.  The 
second  and  ihird  frin^s  which  imme- 
diately succeeded  this  were  blue,  yel- 
low, red i  but  their  coloun  w~     '  '  ' 
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Upon  meaguring    the    brendlha   of    these  lines,  to  be  the  hundred  vad  six- 

these  fHrigeaat  their  brightest  parls,  and  lieth  part  of  fin  inch.  Since  this  con- 
also  the  breadths  of  their  intervals,  courseis  in  the  middle  oftSelightwhich 
Newlon  found  them  nearly  in  the  same  passes  between  llw  edges,  it  follows  that 
proportion,  and  lo  that  the  fringes  and  one-half  of  the  light  passes  each  edge 
miervals  taken  in  regular  succession  at  a  disfance  not  greater  than  the  thiw 
were  as  the  foUowing  quantities :  hundred  and  twentieth  part  of  an  inch. 
1111  Upon  increasing  the  distance  of  the 
'■  =-  =  -  =- .^  ruler  from Iheknives,  he  found  that  the 
•Jl^3^i.ji  distance  of  the  concourse  of  the  dark 
His  next  experiments  were  on  the  '™s  before  mentioned,  from  the  tenni- 
ahadows  produced  hy  the  edges  of  shaip  nation  of  the  light,  wa«  more  than  the 
knivesplacedacrosstheaperturethrough  nuh  part  of  an  inch.  Hence  it  speared 
which  the  light  was  transmitted,  T^e  """t  "le  light,  which  in  this  case  passed 
light  admitted  between  the  edges  being  l*tween  the  knive*  at  the  eonoourse  of 
received  upon  a  screen  at  some  distance,  'h^  dark  lines,  passed  at  t  greater  dis- 
the  edges  were  moved  towards  one  ano-  tance  from  the  edges  than  the  hundred 
ther,  until  their  distance  did  not  exceed  *"''  sixtieth  part  of  an  inch. 
the  four  hundredth  part  of  an  inch.  The  From  these  expoiments  Newton 
light  upon  the  screen  now  parted  in  Ihe  concluded  that  "  the  light  which  make* 
middle,  and  formed  Iwo  parallel  lines,  ^^  fringes,  is  not  the  saioe  light  at  all 
The  intermediate  shadow  was  so  black  distances  tram  ihe  knives ;  but  when 
and  dark  that  all  tlie  light  which  passed  ^^e  ruler  is  held  near  the  knives,  Ihe 
between  tJie  knives  seemed  to  be  henl,  fringes  are  made  by  light  which  passes 
and  turned  to  the  one  side  or  the  other,  theedges  at  a  less  distance,  and  Is  more 
As  the  edges  approached,  the  shadow  bent  than  that  which  lorms  tlie  same 
grew  broader,  and  the  lines  of  light  nar-  fringes  at  a  greater  distance,"  ,  It  will 
rower,  until  at  length,  when  the  edges  be  perceived  that  this  is  consistent  with 
were  in  actual  contact,  the  light  wholly  the  explanation  of  Ihephenomena  of  in- 
vanished.  This  experiment  Newton  flection  ab>;ady  given, 
considered  conclusive  of  the  greater  de-  When  the  shadows  were  received  upon 
flection  of  the  rays  which  were  nearer  paper  at  a  great  distance  from  the 
the  body,  knives,  the  fringes  assumed  the  form 
Fromthese  experiments,  heconcluded  "^  hvperbolic  curves,  t>eing  nearly 
that  the  light  which  formed  the  first  straight  where  the  distance  between  Ihe 
fringepassed  theedge  ofthc  knife  at  a  edges  was  considerable,  but  tending 
distance  not  less  than  the  eight  hun-  into  arches  atler  intersecting.  Let  C  A, 
dredlh  part  of  an  inch;  that  the  light  C  B.jfg.  55, represent  theprojectionsof 
of  the  second  fringe  passed  the  edge  of  'he  edges  of  the  knives  upon  the  paper, 
the  knife  at  a  greater  distance  tlian  that  The  entire  light  would  fall  within  Ihe 
of  the  first,  and  (he  Ughl  of  the  third  &ngle  A  C  B,  were  (here  no  inflection. 
fVinge  at  a  still  greater  distance.  Through  C  draw  1)  E  equaily  inchned 
From  these  and  other  circurastances,  to  CA  and  C  B.  Theturveeij  re- 
Newton  concluded  that  Ihe  distances  at  presents  the  boundary  ol  the  shadow  of 
which  the  light  formmg  the  fringes  the  blade  AC  ;/A(iepre3enls  the  dark 
passed  the  knives  are  not  altered  by  the  line  which  separates  the  first  and  se- 
approach  of  Ihe  knives,  but  that  the  cond  fringe,  and  glo  the  dari:  line 
angles  at  which  the  light  is  inflectn!  which  sepiirates  the  second  and  third 
are  increased  by  their  approach:  the  fringe.  The  linesa^ip,  y  4g,  a/r,  are 
knife  which  is  nearer  each  ray  deter-  similnrlv  related  to  tlie  shadow  of  the 
mining  the  direction  in  whieh  it  is  bent,  otiier  eage, 

and  theotlter  knife  increasing  the  deflec-  The  two  systems  of  curves,  which  are 

tion.  perfectly  similar,  inlersect  at  the  points 

When  Ihe  rays  fell  very  obliquely  >.  ft, /;  so  that  tlie  shadows  of  the  edge* 

on  the  ruler,  at  Ihe  dislnnce  of  the  third  are  marked  \rj  Ihe  lines  ei*  andi*);^ 

ofan  inchfrom  theknivea,  thedaikhnes  until   tlie   intersoclion    of  the    fringes, 

hetwei^n   (he  first   and  second   fringes  and  then  each  of  those  liaes  crosses  Ihe 

bounding  each  shadow,  intersected  each  frin<;e  corresponding  to  the  otker-  edge. 

olher  at  the  distance  of  the  litlh  of  an  Then  those  lines  cross  the  fringes,  dis- 

inch  from  the  termination  of  the  hght,  tingnishing   them    from    another   light 

Hence  Newton  computed  the  distance  which  begins  to  appear  at  i,  and  illu- 

between  the  edgeii,  at  the  concourse  of  minates  the  triangular  tpteC  jp  SEu  . 


of  NiE*T0N'8  OFWCa. 


Newton  now  repeated  the  fint  ex- 
perimentdescribed  mpage  219;  but, in- 
stead of  using  compound  solar  ligbt, 


be  used  homofreneo  's  ligbt,  obtained  bv 
a  prism  placea  betimd  the  hole  througn 
which  the  light  was  transmitted.    Hi 


found  the  sbadons  of  all  liodies  held  i 
this  light  hordered  nith  fringes,  not  as 
before  of  different  colouM,  but  of  the 
colour  of  the  Iransmitted  light  Those 
mMde  by  the  red  light  were  largest,  and 
those  made  by  the  violet,  least;  the  in- 
termediate colours  having  idtennediate 
bread  I  hs. 

From  these  expei-inients  he  inferred 
that  the  rays  which  furmed  the  Ain|^ 
in  the  red  light  passed  by  the  body  at  a 
(rreater distance  than  those  which  fornied 
the  violet  or  any  of  the  intermediate 
colours.  So  that  (he  action  of  the  body 
on  the  less  refrangible  rays  at  a  given 
distance  w»s  equal  to  its  aclioh  on  the 
more  refrangible  rays  at  a  less  distance, 
and  thus  occasioned  the  tints  of  the 
iringes  without  changing  the  colour  • 


Such  was  the  state  to  B'hich  Newton's 
experimental  investigations  had  arrived, 
wtien  they  were  unfortunaiely  inlel-- 
rupted.  in  the  queries,  however,  an- 
nexed to  this  biio^!,  and  which  have 
been  already  alluded  to,  he  throws  oUt 
some  suggestions  for  the  consideration  of 
future  inquirers,  Thefollowinf^queries 
relate  to  tne  sulject  with  which  we  have 
jusi  been  engaeed. 

1 .  Do  not  bodies  act  on  lighl  at  a  dis- 
tance ;  and  bv  their  action  twhd  its  rays  ? 
and  is  not  tnis  action  strangest  at  the 
least  distance? 

.  2.  Do  not  the  ravs  which  difFerin  re- 
frangihllity  difTer  also  lu  flexibility?  and 
areineynot,  by  their  different  inflexion!. 
Separated  from  one  Mother,  so  as,  after 
(eparation,  to  make  the  colours  in  the 
three  fringes  above  described?  and  after 
nha:  manner  are  the;  Inflected  to  m&ke 
QwK  ftingei  ? 


3.  Are  not  the  rays  of  light  in  passing 
fay  the  edges  and  sides  of  bodies  bent 
several  times  backwards  and  forwards 
with  a  motion  hke  an  eel  ?  and  do  not 
the  three  frin^sot  coloured  light  above- 
mentioned  anse  from  three  such  bend- 

4,  t)o  not  the  rays  of  light  which  tall 
upon  bodies,  and  are  refleofed  or  re- 
fracted, tjegin  to  bend  before  they. arrive 
at  the  bodies ;  and  are  they  not  rvllecled, 
refracted,  and  inflected  by  one  and  the 
same  ^inciple,  acting  variously  in  vb^ 
nons  circumstances?     ^ 

The  theoi7  hinted  at  ,ni  these  queries 
is8u£6cient  to  represent  Iheprincipal  phe- 
nomena of  inflexion;  but  it  roust  be  con- 
fessed that  the  uridulatory  theoty  affords 
rather  a  more  satisfactory  generalization 
ofthoseccmplicatedefTects.and  has  been 
more  generally  adopted  in  the  investiga- 
tions of  modem  philosophers.  Neither  the 
malerial  nor  undulatory  Iheorv  can  be 
said  to  t>e  satisfactorily  establisned ;  but 
it  would  seem  that  eveiy  phenomenon 
which  can  be  brought  tmder  the  former, 
can  also,  with  eqniU  /acility,  be  explained 
t)y  the  latter;  while  there  are  some  Known 
effitels  in  strict  accordance  with  the  lat- 
ter, which  cannot,  without  great  difficulty 
and  the  introduction  of  gratuitous  hy- 
pothesis, be  accounted  for  by  the  former. 
For  the  most  part,  however,  the  lan- 
guage of  either  may  be  translated  into 
the.  other. 


have  been  just  de- 
scribed, and  the  inferences  drawn  from 
them,  it  would  be  nncessary  to  refer  to 
the  original  experiments  and  reasoning 
of  Grimaldi,  and  the  later  investijintiiins 
of  Dr.  Young  and  Fresnel.  Such  de- 
tails are,  however,  foreign  to  the  obiectl 
of  the  present  treatise. 

The  remaining  queries  which  teimi 
nate  this  book  relate  to  the  probable 
connexion  and  causes  of  heat  and  light, 
the  leoae  of  vision,  the  cause  of  gra- 
vitatioiii   and  other  subjecta  in  phy- 


<4  A  POPULAR  ACCOUNT 

lies,  which  cannot  properly  find  a  place  natural  philo«ephj[  is  to  Bigae  from  phe< 

hen.    To  this,  however,  we  must  maka  nomene  trithout  felling  hvpalheses.and 

exception   of  Ihat  (the  26lh)  in  which  to  deduce  causes  from  efltets  until  we 

he  points  out  (he  polarity  of  light,  to  cometothe  very  First  Cause,  which  cer- 

themeritof  having  first  3Uf;gested  which  tainlj  is  not  mechanical ;  and  not  only 

he  has  an   undoubted   rif:ht.     "  If  the  to  unfold  the  mechanism  of  the  world, 

planes  or  perpendicular  refraction  of  one  but  chiefly  to  resolve  these  and  such 

piece  of  Iceland  spar  be  at  right  angles  like  questions :  What  is  there  in  places 

with  those  of  another,  the  rays  which  almost  empty  of  matter,  and  whence  is 

are  refracted  after  the  usual  manner  by  it  that  the  sun  and  planets  gravitate  to- 

the  first  crystal '  will  lie  ell  refracted  wards  one  uiother  without  dense  mat' 

after  the  unusual  manner  in  passing  ter  between  them  ?  Whence  is  it  that 

through  the  second  crystal;  and  the  rays  nature  doth  nothing  in  vain?  and  whence 

which  are  refracted   after  ttie  unnsiiial  arise  all  that  order  and  Ijeauty  which 

manner   in    passing  through  the   first  we  see  in  the  world?  To  what  end  are 

cTTstal  will  be  all  of  them  refracted  comets,  and  whence  is  it  that  planets 

after    the    usual    manner    in    passing  move   all  in    one    and  the   same   way 

through  the  second."    Hence  Newton  in    orbits    concentric,     while    comets 

concluded,  that  the  rays  have  *ide»,  pos-  move  in  all  manner  of  ways,  in  orbits 

sessing  different  properties,  in  virtue  of  excentric;   and  what  hinders  the  fixed 

which  they  will  be  differently  refracted,  stars  from  falling  on  one  another  ?  How 

according  to  the  direction  in  which  the  came  the  bodies  of  animals  to  be  con- 

ciystal  is  presented  to  them.     If  the  trived  with  so  much  art,  and  for  what 

ray  be  successively  transmitted  through  ends  were  their  several  parts  ?  Was  the 

two  crystals,  and  is  placed  in  the  same  ev&  contrived  without  skill  in  optics,  and 

manner  with  respect  to  the  planes  of  tne  ear  without  knowledge  of  sounds  7 

both,  it  will  be  refracted  in  the  same  How  do  the  motions  ofthe  body  foU 

manner  by  both;  but  if  that  side  of  low  from  the  vrill,  and  whence  is  the  in- 

the  ray  which  looks  towards  the  coast  stinct  of  animals  ?  Is  not  the  sensory  of 

of  unusual  refraction  in  the  firstcr^s-  aoimalsthat  place  to  whichthesensitive 

tal  be  at  right  angles  with  that  side  substance  is  present,  and  into  which  the 

of  the  same  ray  which  looks  towards  sensitive  species  of  things  are  carried 

the  coast  of  unusual  refraction  in  the  through  the  nerves  and  the  brain,  that 

second  crystal,   the  i&y  shall  l>e  re-  there  they  may  be  perceived  by  th^ 

firautcd  after  several  manners  in  seve-  immediate  presence  to  that  substance? 

ral  crystals.     There  is  nothing  more  And  these  things  l>eing  rightly    dia- 

requfred  to  determine  whether  uie  rays  patched,  does  it  not  appear  from  phe- 

of  li^t,  which  fall  upon  the  second  crys-  nomena,that  there  is  aBemg  incorporeal, 

tal,  shall  be  refracted  after  the  usual  or  living,  intelligent,  omnipresent,  who,  in 

after  the  unusual  manner,  but  to  turn  infinite  space,  as  it  were  in  his  sensory, 

about  this  crystal,  so  that  the  coast  of  sees  the  things  themselves,   intimately 

its  unusual  refraction  may  be  on  this  and  thoroughly    perceives  them,   and 

or  on  that  side  of  the  ray.     And  there-  comprehends  them  wholly  l>y  their  im- 

fiyre  every   ray  mm/   be   eormdered  as  mediafe  presence  to  himself;  of  which 

having  four  tides  or  quarleri,  tmo  of  things  the  images  only,  carried  through 

tohich  oppotile  to  one  another  incline  the  the  organs  of  sense  into  our  little  sku- 

raytoberefTtieledqflertheununudman-  aoriums,  are  there  seen  and  beheld  by 

tier,  ai  q/lena*  either  of  themaretumed  that  which  in  us  perceives  and  tliinks. 

toward*  the  coatt  qfumifual  refraction.  And  though  every  step  in  this  philoao- 

and  the  other  tioo,  whenever  either  of  nhy  brings  us  not  immediately   to  the 

them  are  turned  toicardi  the  coast  of  knowledge  of  the  First  Cause,  yet  it 

unutual  r^raction.do  not  incline  it  to  brings  us  nearer  to  it,  and  on  that  ae- 

be  otherwiie  refracted   than  qfler  the  count  is  highly  to  be  valued.   ■  •  •  * 

luual    manner.      The  first    two   may  Andif  naturalphilosophyinallitspaits 

ther^ore  be  called  the  ndes  of  unusual  shtdl  at  length  be  perfected,  the  tvounds 

r^hiclion,  of  moral^hilosopny  shall  also  be  en- 

We  cannot  belter  conclude  the  rapid  laiged.    For  so  far  as  we  can  know  by 

sketch  which  we  have  attempted  to  give  of  natural   philosophy  what  is    the  Fiiat 

this  extraordinaiy  production  of  human  Cause,  what  power  he  has  over  us  and 

genius,  than  by  quoting  some  precepts  what  benefits  we  receive  from  him,  ao 

which  have  been  most  admirably  iUus-  far  our  dutytowardshim  as  well  as  that 

trated  in  the  works  of  this  illustrious  towards  one  another,  will  appear  to  ui 

{duloiopber.    "The  main  businesi  of  l>y  the  litsht  of  nature."  . 


OPTICAL  INSTRUMENTS. 


IimoDVCTioK.  mathematic*,  and  to  deicribe  Oie  iiii< 
proTed  itate  in  which  the  more  im- 
Tas  constnidioD  of  optical  instrn-  portant  are  adapted  to  their  wveral 
ments  has,  in  almost  eveir  instance,  purposes.  "Vbe  various  modes  in  nhich 
OriKinated  with  eminent  philosopha^  manj]  instiumenti,  not  differim;  in  their 
and  mathematicians,  Thar  gradual  principle  and  end,  are  mounted,  depend 
perfection  has  been  a  natural  result  of  upon  the  varying  taste  of  the  artist,  the 
the  difficulties  which  were  presented  to  c^irice  of  foshioo,  or  the  demands  of 
the  progress  of  discovery,  by  the  in-  luxutr.  Any  minute  details  of  the  ez- 
efficient  and  inaccurate  means  which  temal  parts  of  the  instruments  would 
science  possessed ;  and  thus,  the  same  be  therefore  perfectly  useless.  Indeed, 
great  minds  that  have  struck  out  and  the  external  parts  of  the  ordinary  in- 
pursued  vast  and  splendid  ideas  in  their  struments  can  be  much  better  under- 
investieations  of  nature,  have  only  been  stood  by  an  inspection  at  the  opticians' 
enabled  to  follow  up  their  own  concep-  shops,  than  in  volumes  of  description, 
tions  bv  applyir^  themselves  to  the  So  indifferent  is  the  outward  form  of 
practjcal  improvement  of  the  instru-  the  common  instruments,  that  makers 
ments  with  which  they  bad  commenced  living  even  in  the  same  neighbourhood 
their  discoveries.  For  instance,  we  are  'my  as  much  in  their  roountinKS  ts  the 
indebted  to  Newton  for  the  construction  artists  of  London  or  Paris,  We  shall, 
of  the  first  reflecting  telescope  that  was  tiierefore,  confine  our  observations  to 
•TCT  made,  althongh  the  idea  had  tteen  the  etieniial  parts  in  the  construction 
previously  suggested  by  Dr.  Gr^ot7.  of  particular  instruments,  passing  over 
LetnKnohoek,  one  of  the  most  assiduous  their  acoidental  varieties  of  mounting ; 
natuTBliata  of  his  day,  eairied  on  his  — in  the  same  way  that  the  anato- 
Ouriouf  resMrebes  in  the  animal  and  mist  speaks  of  the  various  parts  of  the 
ngrtable  voaaomy,  with  microscopes  human  body,  without  enquiring  whether 
nude  l^  his  own  huds.  The  late  Dr.  the  gu6ject  upon  which  he  has  made  his 
Heradid,  whose  astronomical  disco-  observations  was  dark  or  fair,  tall  or 
varies  were  the  result  of  theprofoundest  short. 

mathematical  knowledge,    constructed       The  anraents  seem  to  have  been  but 

the   most    powerfiil    telescopes    ever  little  acquunted  with  dioptrical  instru- 

knotra,  whiefa,  Hke  the  Chr^rian,  bear  ments,  or  those  by  which  the  Ught  is 

tile  name  of  their  inventor.  Indeed,  the  refracted  and  transmitted;  from  their 

ordiiuay  n^ierB  of  tmtical  instruments  earliest  history,  however,  they  appear 

have  been  often  men  or  considerable  sci-  to  have  been  conversant  with  the  laws     * 

•Btiftcattaiiiinenta;-^-BJadit  is  &om  this  of  the  reflection  of  objects  from  thesur- 

tmionsTfttbecreUpandpracticalknow-  face  of  water  and  polislied  metals,  or 

ledge,  that  theae  instruments,  as  is  the  that  department  of  optical  science  called 

mse  with  alnoat  every  other  important  catoptrics.  The  first  application  of  their 

invention  and  improvement,  have  been  knowledge  of  this  branch  of  sdence,with 

•onduoted  to  their  present  vety  high  which  we  are  acquunted,  is  that  of  the 

■tate  of  perfkition,  m  an  almost  un-  burning  mirrors  employed  by  Archi- 

limited  aaantation  to  ell  tbeputposes  of  medes,aphilosopher  of  Syracuse,  about 

•caenee,  and  ell  the  wants  and  luxuries  200  years  before  the  Christian  era,  who, 

of  common  lilb.  at  the  siege  of  that  city,  by  Mareellus, 

In  the  limited  extent  of  this  treatise  the  Roman  Consul,  emplc^ed  them  to 

on  Optical  Instruments,  the  chief  objwt  destroy  the  besi^ng  navy.    The  me 

will  be  to  point  out  the  principle  of  thodbywhichthiswaaprobablvaccom- 

their  construction,  freed  from  teeknieal  pUshed  is  thus  described  by  the  hieto- 

»  ooglc 


OPTICAL  IN8TRUMENTB. 


rianTieties:— "When  the  Beet  of  Mar- 

celliiawas  within  bowshot,  the  old  man 
Archimedes  broiuj'ht  an  hexa^^nal  mir- 
ror, which  he  had  previously  prepared, 
«,t  a  proper  distance  from  which  he  also 
placed  other  BmallermirrorBof  the  same 
Kind  that  moved  in  all  directions  on 
hinges,  which  when  placed  in  the  lun's 
rays  directed  them  upon  the  Roman 
fteet,  whereby  it  was  reduced  to  ashes." 
We  are  also  informed  that  Proclus  in 
the  same  way  destroyed  the  fleet  irf 


royed  the  fleet 
of  ByxHituiB. 


VitaUan  at  th»  n 

C  m  APTB  R  I. — SKrron — PUmt  LooUng- 
Olattft —  Coneaos  Mirrori — Biumiig 
Mirrorg — Cormea;  Mimn. 

<1.)  Mt>ror«  are  surfkcei  of  polished  me- 
tal, or  glass  silvered  on  its  posterior  side, 
capable  uf  reflecting  the  rays  of  light 
tram  objects  placed  before  them,  and 
exhibiting  to  uk  their  image.  There  ars 
three  dasses  of  mirrors,  Satingiuahable 
bv  the  figure  of  their  r^eoting  surfitce^ 
These  are  plana,  eoncare,  and  oonv«x. — 
^^^e  reflection  of  light  by  either  of  these 
mirrora  observes  this  constant  Jau,  that 
the  angle  which  the  incident  ray  makes 
with  tlie  reflecting  surfkce,  is  equal  to 
the  angle  of  reflection.  We  may  expluit 
this  law  1^  a  figure.  Let  e  d,  (  '  '  ' 
be  a  section  of  the  reflecting  ■ 


ixperience,  which  leads  ni 
to  expect  the  okgect  to  be  in  the  direction 
in  which  the  rays  come  to  our  eyes,  in- 
stead of  in  the  real  place  of  the  object. 
The  illusion  is  so  complete,  that  domes- 
tic animals,  when  viewing  themselves  in 
a  looldng-^ass  for  the  &^  time,  often 
have  their  paations  strongly  excited. 
When  a  person  is  viewing  nimself  in 
a  looking-g^s,  if  he  measure  llie  size 
which  he  appears  on  the  ^ass,  the 
image  will  be  one  half  his  real  magni- 
tude, let  his  distance  firom  the  glass  be 
in  any  manner  varied.  For,  as  it  was 
at&ted  above  that  the  image  appears 
behind  the  glass  exactly  at  the  same  dis- 
tance as  the  object  is  before  it,  it  must 
be  evident  that  as  Uie  mirror  is  half  way 
between  him  and  bis  i^^arent  imaKe.  it 
will  cut  in  half  the  cone  of  rays  wnich 
proceed  from  tiis  image  to  his  eye.  Thii 
u  shown  iny^.  2,  where  cdiaa,  section 

psg.a. 


0  an  o^eot  before  the  mirror ;  and  O  a 
rays  proceeding  to  the  sur&oe  in  the 
pout  a.  The  angle  Oae  which  the  rays 
make  with  the  aur&ce  of  the  mirror  is 
c^ed  the  angle  of  incidence ;  and  the 
direction  in  which  an  observer  will  see 
the  object  O  in  the  mirror  at  a,  must  be 

1  a,  the  angle  of  reflection  I  a  if  being 
equal  to  the  angle  of  incidence  Oae. 
If  we  suppose  0  1  to  be  two  persons 
viewing  each  other  in  a  plane  mirror  or 
looking-glass  e  d,  the  direction  in  which 
each  observeththeotheratthepoint  ais 
a  o  or  a  t ,  but  the  apparent  place  of  their 
images  inll  be  behind  the  glass  at  the 
point  i'  or  o,  the  distance  behind  oorres- 
pending  with  that  of  their  situation  tiefore 
themiiror.  Itiii  deception  proceeds  fhun 


of  a  plane  mirror  or  iooking-^au,  and 
iifr  the  face  of  a  person  viewing  himself 
in  it ;  now  rays  from  eveiy  part  of  hie 
foce  fidl  upon  the  reflector,  fraa  which 
they  an  sent  to  the  ^e,  foraiing  a  oone 
of  rays  whose  vpex  entsa  the  piq^l ; 
consequently,  as  this  cone  ia  cut  by  the 

C  half  way  between  the  apex  and  its 
which  base  is  himselt,  the  mear 
sure  of  the  line  «/ will  be  half  of  a  6. 
(2.)  CoAMM  Mrror*  are  those  whoM 

K'jabed  Burtkoes  are  spherically  hollow, 
e  properttas  olthese  nurrora  nay  be 
easily  undtntood,  when  yn  ocmadn 


fig-'- 


MzcdoyGoOglC 


APTICAt  IN»niTm£NT8.  > 

ttieirRUrfoce  as  coropoiiedoren  mdeflnlte  of  Hght  «(  Hm  total  of  VilMl^a  mtMt 

niimberofsmallplane»iiJlofwhichniake  wu  D.3aS  of  utfaiek,  kUd  Uw  diameter 

a  delerminate  sngle  with  eHch  other,  so  of  the  mirror  47  in^ei;  Hence  the  ar«ft 

as  to  throw  all  the  rayg  to  a  point.  (See  of  these  circtes  waa  u  O.JM*  to  47*, 

Jl^.  3.)    Let  a  £  c  b«  a  concave  mirror,  that  is,  the  mteom^  of  tb*  nm'i  nya 

and  let  d  be  the  centre  of  cnrvature,  was  inereMed  ITtS7  timu  at  tha  feoal 

&nd  0  0  0  rajri  of  liiiht  from  a  distant  point    The  loM  of  l^t  occMMned  in 

object  (the  cross  in  the  noodcut  must  passlni;  through  tha  me^iutt  of  miach 

be  supposed  at  a  considerate  distance)  the  leiu  is  cotnpoMd,  ti^aUiWilb  that 

falling  on  the  mirror  at  a  A  e,  making  lost  hy  reflectum  from  the  gtirihca  ot 

disentangles  ivith  its  surftice;  these  mirrors,  must,    howner,  be  deduoted 

rays  when  reflected  at  eoual  an^es  to  from  this  tbeoratical  caloalatKii.    Bet 

their  incidence,  as  may  oe  seen  by  the  PhotoMeter*. 

dotted  lines  which  are  perpendicular,  Concave  mirrors  atfoid  many  curious 
will  meet  in  a  point  /,  called  the  focus  and  pieaan^  iUustntions  of  their  pecu- 
of  the  mirror,  where  an  image  of  the  liar  propertie*.  For  example:— when  a 
object  will  be  formed  in  an  inverted  po-  person  itandainfrontoft  concave  mir- 
■ition.  "Hic  distance  of  this  focal  point  ror,  a  litUe  further  from  its  surface 
from  the  surface  of  the  mirror,  when  the  than  its  focus  (or  half  the  radius  of  its 
curvature  is  moderate,  will  be  equal  to  concavity),  he  will  obiarve  his  own 
half  its  radius  d  b.  The  importance  of  image  pendant  in  the  air  before  him, 
concave  mirrors  in  the  construction  of  and  in  an  inverted  position  :  thil 
reflecting  telescopes,  in  which  construe-  image  will  advance  and  recede  with 
tion  th«'  are  commonly  called  specula,  him ;  ud.  if  he  stretch  out  his  hand, 
willbediownhereafterunderthathead.  thekDagewilldetba  Kke,  B^hltritioiw 
The  em^ojment  of  concave  mirrors  have  bem  bnrasW  brfbre  the  publie 
in  eoUeefang  the  heat  oi  the  sun's  rays  in  which  a  singular  deception  was  ob- 
from  the  whole  of  its  surface  to  a  single  tained  fay  a  Is^«  coscave  mirror.  A 
point,  thus  accumulating  a  veir  great  man  being  placed  with  his  head  down- 
degree  of  heat,  ftn-  the  combustion  and  vfards,  in  its  focus  an  erect  image  of 
fbsion  of  various  natural  substances  him  was  exhilnted,  while  his  real  per- 
that  are  isAiaible  in  the  greatest  heat  son  was  concealed,  and  the  place  of 
capable  of  being  producM  from  ordi-  the  mirror  darkened ;  the  ipect^ors 
nary  fire,  may  be  exempMed,  amongst  were  then  directed  to  take  a  plate  of 
those  of  modem  date,  by  the  burning  &uit  from  his  hand,  which  in  an  instant 
mirror  of  M.deVUlette.  The<hameter  was  dexterously  changed  for  a  dagger. 
of  this  metal  speeulum  was  3  tM  11  or  some  other  dangerous  weapon, 
inches,  and  ita  ibeal  distance  or  point/  (3.)  Convex  mirrort  are  chiefly  em- 
fromtheaurfeeewesafleetsincnes.  "Hie  Pj'Oyed  as  ornaments  in  apartments, 
composition  of  this  metal  was  of  tin  The  objects  viewed  in  these  are  diait* 
and  copper,  which  reflects  the  light  very  nished,  but  seen  in  a&  erect  poeitioa ; 
powerfully,  and  is  capable  of  a  high  de-  tfie  kiagcs  appear  to  anaiute  fron  4 
gree  of  polish.  When  exposed  to  Oie  point  behind  the  mirror;  this  poin^ 
rays  of  the  sun,  by  Drs.  Harris  ondDe-  which  is  its  foeos,  will  behalf  the  radius 
saguHers,  a  silvn  sixpenoe  was  mdted  of  «0Dvexity  behind  their  surfaee,  and 
htr^  seconds  when  plaeed  in  its  focus;  is  called  the  negative,  en*  imAgiaary 
■  copper  hsUbennyiiMttedin  16  seconds  fbens,  beeanse  tlw  rays  are  not  actually 
snd  Bquefieain  34  seconds;  fin  wsa  collected  as  bv  a  concave  miirar,  whose 
melted  in  3  seoottds ;  and  a  diamond,  focus  is  oalled  real.* 


'Weighing4^ruM.lost  iths  of  it*weit:ht*.  

The  intensity  <rf  heat,  obtmned  by  bum-  f^'i' — — ,_ 

ing  mirrors  or  lenses,  will  always  be  as  Sinfiui'«^"^ir™i^^T'fi?r«"rrf 

the  area  of  the  reflecting  surface  ex-  Ona  •««»•,  to  ba  Ht  m  ■  fr^  hdinatioi  t* 

posed  to  the  sun  is  to  the  area  of  the  aiwto5th«r»j.io«ri.  uriirajBiai.  hum 

smaU  circle  of  light  collected  ia  its  KS^SlUli?  ST^'r.".;^!;"^^^ 

focus:  thus, the  diamet«r  of  the  spot  xnkmdnfiiMaitiuefaBuasud^uiidMM. 

MUBid.    BaSIa  u  wullw  Una  bamt  aoad  lU  tta 


iaBapdTf>«lm.61«it>n>*dudHkurkls)>.N»-     »•  «"■*"!»  "«7«»ffi™»- 

_1 t.l-J. » ----■■'--■-^-^  ---"--"  BlDttta.1 


•Hh  S  lutta  iqHin.   Bf  ■cam  oF  thii  iiurB-     ~™'~-"t  tati'n  gplietl  uiivibbui,  hi  nsdoi- 
~.h  with  tha  bint  nn  (^  tka  m  in  Uia  iwHlk  of     lug  oHMnfaiKi  (lUiioriad  or  ieSannta  piannTaf 


4t  OPTICAL  msTRTIMENTO. 

Cmtrrwa.ll.—lauet—BunnwLauei  there  an  m  diftiMfly  shwd  leo«ef, 

^Pobixomal  Lenta.  ihown  in  Kcbon.  A  is  called  a  planod 
convex,  from  having  one  side  flat,  and 

Xmwm  — <4.)  A  lens  is  any  transparent  the  other  sphericalfr  rounded.    B  is  a 

nibstanoe.  as  glass,  crystal,  water,  or  double  convex,  and  has  both  sidea  sphe- 

diamond,  having  one  or  both  of  its  sur-  ricaUy  rounded.    When  these  sides  are 

bees  curved  to  collect  or  disperse  the  unequally  curved,  as  at  C,  it  is  termed 

light  transmitted  by  it    The  Senses  in  a  crosseS  lens.    D  is  a  plano-concav^ 

ceneral  use  are  made  of  glass,  and  are  having  one  aide  sphenoallv  hollow.    E 

SauaUycalledmaKiiifrinitglMses.  Glass,  is  a  double  concave  with  both  sides 

howew.  does  not  p<5sSss  a  greater  hollow.     F  is  a  Meniscos  (so  eallei 

share  of  the  magnifying  proper^  thw  from  its  moon  shspe),  and  has  one  8id« 

other  transparwit  substances.  In  fig.  4.  convex  and  the  other  concave. 


(5.)  The  passage  oT  light,  when  tran»- 
mitted  by  aplan»-  convex  lens,  is  shown 
in^*.5aiid6.  Let  AO^g-^-)  represent 


ft  seotioii  of  Helens,  and  B  anoljeet  at 
■n  infinite  distance,  as  a  star  (in  the 
figure  a  cross  is  placed  to  assist  the 
conception).  Now,  the  lines  ftoxa  B  to 
A  will  represent  the  rays  proceeding 
ft«m  evety  part  of  the  object  B,  to  every 
portion  of  the  surface  of  the  lens  A,  and 
firtim  the  distance  of  the  oUect  they 
vrill  be  psrallel  to  each  other.  Only  five 
rays  are  drawn  in  the  figure,  to  prevent 
eonfusion ;  but  it  shoi£l  be  coostaoUy 
Temembered  that  the  light  strikes  eveiy 
part  of  the  lens.  The  first  surface  of 
the  kns  next  the  object  B  is  flat;  and 
■a  all  the  rays  fUl  perpendicularly  on 
it,  and  the  attraction  on  each  side  of 
the  rays  is  equal,  th^  will  pass  on  in 
their  nght-lined  direction,  till  they  meet 
the  curved  surface  of  the  lens,  when 
all  the  rays  will  be  bent  or  nftacted,  to 
as  to  Bset  ID  a  piunt  P,  ealled  the  focus 
of  fiw  lent ;  but  Oi*  central  ray  beii^ 
'  r  to  ttu  ourred  Mmoa  ia 


not  bent.  This  constant  law  of  rdrae* 
tion,  or  bending,  is  always  observed  liy 
rays  of  light  in  their  passage  from  one 
medium  to  another  or  different  densi^, 
whose  surface  is  oblique  to  their  direc- 
tion ;  and  the  rays  <k  light  in  passing 
from  a  dense  medium,  as  glass,  Sec, 
into  a  less  refi'active  medium,  as  air, 
will  be  bent  so  as  to  form  a  greater 
angle  with  a  perpendiular  to  that  sur- 
fliM,  than  it  had  at  first  Let  the  dotUd 
line  e  li  he  a  perpendicular  to  the  sur- 
&ce  of  the  lens  at  the  point  e.  Now, 
the  an^e  ate,  called  the  aiwle  of  inci- 
dence, is  less  than  the  angle  Fed,  called 
the  angle  of  refraction,  aa  is  shown  by 
continuing  the  ray  a  to  t. 

(6.)  But  whenever  light  strikes  an  ob- 
lique Bur&oe  in  its  passage  from  a  rare 
medium,  as  air,  to  a  denser,  as  glass,  it 
will  be  refracted  nearer  the  peipraidi- 
Gular,'  as  shown  by  ^.  6,  m  which 
the  lens  is  reversed.  ITie  ray  of  light 
a  e  is  there  l>ent  nesjer  the  perpendicu- 
lar e  ^  as  shown  by  the  dotted  hue 
a  T,  and  when  this  ray  is  transmitt«d  ^ 
ttie  plane  side,  it  will  be  reflwsted  to  F, 


P^.6. 
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angkflKKilm^       ^  ._      .^.__ 

ment  may  be  pro^  by  a  common 
convex ^ass  lens.  Suppose  the  diatasce 
<7.)  It  insUular  supposing  the  olject  of  the  focal  poiot  is  six  inches,  and  the 
tf  an  infinite  di*Uiwe,  and  consequently  lens  two  inches  in  diameter,  the  image 
kpointi  weintagiiie  it  removed  to  some  of  adistant  object  may  be  seen  on  a  trail 
fimte  distance,  &  like  action  in  a  pro-  vhen  the  lens  is  held  a  little  more  than 
portuukal  decree  will  be  observed,  only  ill  focal  length  &om  it ;  then  let  the  sii« 
ue  otJMt  wjfi  not  be  reduced  to  a  point,  of  the  image  be  measured :  now  remove 
but  its  image  wiU  be  formed  at  F,  whose  the  lens,  and  measure  the  E^tparent  sii6 
■iie  is  equu  to  the  angle  under  which  of  the  olject,  while  the  ^e  of  the  ob- 
the  ol»ect  would  be  seen  without  the  server  is  in  its  place,  taking  the  distance 
lens.  Let  a  c  (^g.  J.)  be  the  object,  of  the  focus  of  the  lens  for  the  point  of 
and  b  the  lens:  now,  this  object  will  measurement,  and  it  will  be  found  of 
fuMend  the  angle  a  b  e  from  every  the  same  size  in  both  cases.  If  a  wafo 
pmrtion  of  the  lens,  and  an  inverted  is  made  to  adhere  to  the  surfiuK  of  the 
image  d  e  will  be  formed  under  the  Itns,  so  as  to  stop  a  portion  of  the  light, 
equal  angle  dbe;  for  whenever  right  the  sLee  is  not  altered,  but  the  imsga 
'"' 1  each  other,  the  opposite    will  be  formed  less  bright. 

Kg.T. 


(fl.)  When  an  object  b  placed  in  the 
fociu  of  a  lens,  titerm  divasing  from  it 
will,  by  the  action  of  tne  lens.be  rendered 
penUd ;  this  case,  however,  is  only  the 
reverse  of  the  &fraux,  the  [dace  6t  the 
oiNeet  and  image  bemg  changed.  But 
this  utoDishinK  drcumstanee  wiU  tsJce 
pkee;  whoi  observed  on  the  side  for 
panlld  rays,  the  obiects  will  appear 
magmfied  or  increased  in  site,  should 
the  distance  of  the  object  from  the  kns 
be  less  than  the  eye  can  see  it  without. 
Let  a  b  (Jig.  B.)  be  the  nearest  distance 
at  which  an  olgnot  can  be  seen  distinctly 


without  the  assistance  of  a  km,  and  e  d, 
the  distance  of  the  object  when  seen 
through  the  lens,  equal  to  half  the 
distance  a  b ;  now  the  an^e  e  bg,  which 
the  object  subtemled  without  the  lens, 
is  onlv  half  the  angle  e£/;  and,  there- 
fore, UK  object  will  be  magnified  twice, 
when  seen  by,  the  lens ;  and  if  the  dis- 
tance had  l)een  only  1,  },  ^,  the  object 
would  have  been  magnified  3,  4,  or  10 
times  in  length  and  breadth,  and,  conse- 
quently, its  sur&ce  increased  9,  IG,  or 


(9.)  Concave  lenses  obCTthesamelawB  seen  in/^.  9,  where  sis  the  object,  a  & 
of  refraction  as  convex,  but  as  the  cur-  rays  proceeding  parallel  to  each  other 
vature  is  reversed,  the  rays  are  bent  out-  from  the  object.  These  rays,  when 
wards ;  hence  a  concave  lens  will  ren-  Iransnutted  by  the  concave  lent,  are 
dor  paralU  rays  £retfpi%,  as  may  be   made  to  diverge,  as  if  they  eaaw  ftop 

uDgTc 


tf  OPTICAL  IN8THHMBNTS. 

the  wtet/  flie  imnitlnUT  tocns  oT  tha  side  G  inches ;  the  flxni  «f  iliiJ  wfll  '»t' 
tensrthe  P«-rp«ndieulM  e4  shews  that  9  x  3  x  6  =  M,  divided  br  2  +  •  =  «■ 
the  rays  obey  the  a»ms  law  of  refrMtion  or  3  inches.  The  focus  of  th«  muuMni 
M  in  a  corvei  lens.  It  should  be  hera  kns  is  fb^  by  dividing  twtoe  tt*  pw>- 
obKrred,  that  when  the  lens  is  ooncave,  doot  of  the  two  radii  by  their  diffisroiM.' 
Exam^ ;  let  the  ndiiu  on  oh  oobtcx 
fijg  9.  side  be  8  inches,  and  on  the  concave 

side  4,  the  focus  is  2x3x4'<'18di- 
videdby4-8'3,  ot8  inches,  tiBe  fbcn* 
of  tin  lens*. 

-If  two  lense*  are  placed  in  contaot, 
the  compound  Ibous,  when  each  lens 
0  has  tlie  same  power,  will  be  half  the 
foous  of  tlie  sin^e  lens.  When  two 
^"  convex  lenses  are  uioontaet,  hiring  dif- 
ferent (bcal  lengths,  then,  as  the  sum  of 
the  tiro  foci  is  to  one  of  them,  so  is  the 
the  focal  wrint  will  be  on  the  same  nde  other  to  the  compound  focus  required. 
as  the  oWcct,  and  it  is  termed  negative.  For  example.  Jet  the  foci  of  thel««ei 
as  objects  are  diminished  by  concave  be  2  and  6  ;  then,  as  2  +  6  =  8  : 2.'.6  : 
lenses.  'i>  ^^^  compound  focus.   Lastly,  if  two 

When  converring  rays  from  a  convex    lenses  are  not  in  contact,  the  compound 
leas  are  transmmm  by  a  concave,  they    focus  is  found  by  dividing  the  product 
aw  rendered  parallel,  as  shewn  in  Jig.    of  the  two  lenses  by  the  sum  lessened 
10.  where  the  converirinK    rays  at  e    by  their  (Ustanoe.     Exam^de:  let  the 
foci  of  the  leuses  be  2  and  4,  thor 
di  stance  2 ;   then  2  x  4  =  B  div^ed  fay 
(2-1-4)  —  2=4  gives  2  as  the  compound 

(II.)  If  lenses  bemade  of  different 
■obstutoes,  aUfaouiAi  the  curves  may  be 
the  saow,  the  fbetd  lengths  will  vu^; 
while,  in  like  mediums,  the  action  viU 
always  ba  equal.  Let  a  &  (ftg,  1 1.)  ba 
a  ray  of  light,  and  let  it  enter  the  nw- 
diomorfat  the  pinnt  6;  tnsteadof  eon- 
luudng  in  a  n^t  Ime  to  « it  wiU  pus  on 
in  the  directioa  6 /,  should  tlie  mediun 
ed ba  denser  than  the  first  ab;  nowif 
on  tha  point  b  a  circle  be  drawn,  aad  a 

wkTk'?'^  "?,",'■  of  Sum,  ..i  if  .mU»rii»epr  b. 

When  the  lenses  are  made  of  plate  ^^^^  in  the  same  manner  to  the  re- 

B)...,  the  foojl  distaneei.  near]),  the  |t„tol  „„  u  ^ffl  t,  o,,  sine  of  tilrae- 

diameter  of  the  sphere  Somvihioh  we  ^         KovJ  if  the  angleoSo  be  yaried 

maysnpposeapUno-eonvexlenstobe  ,    „   j™„   ,i,  .J,  „^  ,i,ays 

cut.  or  if  ,s  equal  to  Ijiee  the  radio,  cl  ^^  ihe^i  proportion  to  the  sine  ot 

the  oirel.  that  forms  theconvei  snrHoe  ,arU&>^,pf.    Ifthe  demn  medkm.  is 

ofth.le.s.  Forejample  .ttheglob,  of  ;;S^the  £iip,,iJib.  lof  ..',  When 
glass  IS  one  inch  m  diameter,  andapor- 

cut  off  to  form  a  plano-convex 


rallel  at  p,  afto  passing  through  tl 


glass  i 


lens,  tha  focus  will  Ije  one  inch,  or  twice 
the  radios  of  the  circle.  If  the  leas  is 
double  convex,  the  focus  will  be  equU  to 
the  radius,  or  half  the  diameter.  When 
the  lens  is  crossed  or  unequally  convex, 
the  focal  length  will  be  twice  the  product 
of  the  two  ndii,  divided  t^  the 


IHtnl  tiy  fonail 


1  fonoinf  «  nll«ct«d  Iidbm 


the  radU.  For  examine,  let  the  radius  on    3ii'  -•*?*  ^Sji?'!l,'7  *T*rV,  '^"".■.l? 
onendebeSi»!h«,an4on  theother    !3SS;ifrf^S^|iS*"  "*****"*  ** 


OPnCA}.  INSTRUMENTS. 


^Ms  u  lued,  U»  noet  are  aa  2  to  3 
Marly,  aad  in  diaaiond  as  2  to  9. 


(bom,  so  aa  to  decreaae  the  diametw  of 
thefbcalpoint  to3-ethfof  aninch.  The 
apparatus  on  which  it>waa  mounted  a 
arkQwn  in  Jig.  12 :  a  is  the  large  convex 
lens  mounted  in  a  ring,  and  connected 
to  the  amaUer  lens  £  by  wooden  ribs  cc ; 
the  lower  rib  hai  a  piece  e  attached  to  ii, 
capable  of  adjustment  to  or  from  the 
amallo*  lens :  to  this  bar  it  fixed  the 
hokl«  d,  having  an  universal  joint.  On 
tbia  hokkr,  the  substance  to  oe  experi- 
mented on  is  placed.  The  foUowin)^ 
are  some  of  its  effects  on  bodies  plactsd 
in  itsfocua;  30  grains  of  pure  gold  waa 
fiiaed  in  4  seconds;  10  grains  of  pla- 
tina  fuaed  in  S  seconds,  and  a  diamond, 
weighing  1 0  gnuos,  exposed  for  30  mi 
nutes,  lost  4  grains,  ^s  lens,  which 
it  now  in  the  poaession  of  the  Emperor 
of  China,  cost  700/. 


When  *  ray  ij  paaiing  out  of  a  denaa 
medium  into  a  rarer,  toe  direction  will 
he  changed,  and  the  ray  6/  will  now  be 
bent  Airther  from  the  perpendicular,  so 
a&to  make  the  sines  the  reverse  of  the 
fbrraer  case.  Out  of  water  Ihey  will  be 
as  4  to  3 :  fi^m  glasa  as  3  to  2,  and 
fhim  diamond  as  5  to  2.  The  theorems 
just  described  for  finding  the  foci  of 
lenses  are  called  geometrical,  and  will 
be  nearly  the  same  as  the  refracted, 
when  the  lens  ia  made  of  plate  glass. 
The  refracted  focus  is  only  ij,st  part 
less  than  the  geometrical,  when  ascer- 
tained by  accurate  experiment.  The 
refracted  focus  of  lenses  of  other  media 
may  lie  obtained  by  dividing  the  geo- 
metrical focus  by  the  quotient  obtained 
whefl  the  sine  of  incidence  (t),  minus 
the  sine  of  reiiaction  (r),  b  divided  by 
half  the  sine  of  refraction. 


(t^) 


In  large  bomins  lenses  the  weight  of 
the  glass  employed  becomes  ofconsider- 
t^le  importajice ;  and  to  effect  aa  great 
a  saving  as  possible.  Dr.  Brewster  has 
propos^  to  construct  them  of  (urcular 
ringSi  as  shown  infig.  13,  where  the  lean 

J%.  13. 


(12.)  Conoex  Leiuei,  in  tbetr  simple 
Mate,  have  been  applied  to  colleot  the 
heat  of  the  tnn'a  rays  fbr  pmpoaea  A- 
milar  to  that  of  bunnnz  mirrors.  Ona 
of  the  largest  lenses  mat  have  been 
mounted  for  these  purposes,  waa  that 
made  of  Hint  glass  bv  Mr.  Parker.  Thia 
lens  was  S  feet  in  diameter,  and  when 
mounted,  exposed  a  surfhoe  of  330 
square  inches  to  the  aun's  light ;  its 
focal  distance  waa  3  feet  9  inches,  and 
the  diameter  of  the  circular  spot  of 
light  was  one  im^.  But  in  order  that 
the  ligKt  might  be  condensed  aa  much 
possible,  ne  employed  another  lens, 
"'-',  and  o(  as  inchea 


aa  possibli 
II  te(^iei 


is  oompoaed  of  three  pieces,  two  rings,  a 
and  b,  and  a  len*  c.  When,  however. 
the  size  ia  vary  great,  the  ring*  may  ba 
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composed  of  aenrti  inecei,  w  ^own  ma,  tlHy  are  denomiiuted  Bpeotuln  : 

by  the  front  vie^  £,  where  the  letu  U  the  Imses  are  emploTEd  to  rendfr  the 

built  of  ten  pieces.    These  instruments  objects  befote  the  wearer  more  lUstiiict. 

have  been  denominated  by  Dr.  Brewster,  The  eye,  which  consists  of  a  convex 

Polysonal  len*M.  lens,  called  the   cryttaUitu   lau,  le- 

Ti\»  following  ste  the  advantages  of  fracta  the    light  i»tKeeding  from  the 

employing  these  Unses  as  laid  down  by  object  [daced  before  it  in  the    satna 

'Hr.  Brewster.  manner  as  a  convex  rius :  the  image  of 

1.  Thedifficnl^  of  procuiin^  a  mass  the  object  ii  fonned  at  the  focus  of 
afflint-g^assi^operfor  a  solid  lens  of  the  lens,  where  it  is  i«ceived  on  % 
great  dimensioiis,  is  in  this  construction  screen  at  the  back  of  the  eye;  this 
completely  lenoved.  screen,  called    the  retitta,   is   on  ex- 

2.  If  impurities  exist  in  the  glass  of  panaion  of  the  optic  nerve,  which  oon- 
anyofthe  spherical  se^nents,  or  if  an  veys  the  sensation  of  vision  to  the  mind. 
accident  hapten  to  any  of  them,  it  can  As  the  crystalline  lens  of  the  eye  will 
be  eauly  replaced  at  a  very  trifling  ex-  only  produce  distinct  vision  when  the 
pense.  Hence,  the  spherical  segments  focus  is  thrown  on  the  retina,  it  is  ob- 
may  be  mode  (rf  glass  much  more  pure  vious  that  should  any  defect  occur  with 
and  free  from  flaws  and  veins  than  the  respect  to  that  organ,  indistinct  and  im* 
correspondinK  portions  of  a  solid  lens,  perfect  vision  will  arise.  Thus,  if  the  lent 

3.  From  the  spherical  aberration  of  of  the  eye  is  not  of  a  proper  convexity 
a  convex  lens,  tne  focus  of  the  outer  to  bring  the  image  on  the  screen,  an  in- 
portionis  nearer  the  lens  than  the  focus  distinctness  must  ensue.  This  is  tbe  cose 
of  the  central  parts,  and,  therefore,  the  when  the  lens  through  age  has  beccme 
solar  li^ht  is  not  concentrated  in  the  flattened;  the  image  will  tlien  be  thrown 
same  pomt  of  the  axis.  This  evil  may,  beyond  the  retina,  and  thus  convey  an 
in  a  great  measure,  be  removed  in  the  imperfect  representation  of  the  ooject 
present  construction,  by  placing  the  to  the  mind.  To  obviate  this  defect,  we 
different  zones  in  such  a  monnerthat  must  make  the  rays  pass  throu^a^aai 
their  tbci  may  coincide.  of  sufficient  convexity  to  assist  the  eye, 

4.  A  lens  of  this  coDstruetion  may  be  and  enable  it  to  form  the  image  at  the 
formed  by  degrees,  according  to  the  con-  required  place,  which  is  in  this  in- 
venience  and  means  of  the  artiit.  One  stsiice  done  by  shortening  the  focal 
zone,  or  even  one  s^ment  may  be  tUstance  of  the  crystalline  lens  of  the 
added  after  another,  and  at  every  step  eye.  If,  en  the  contrary,  the  eye  should 
theinstrumentmayheusedas  ifitwere  be  too  convex,  or  short-sighted,  as 
complete,  without  the  rest  of  ttte  zone  is  often  the  case  with  young  persons, 
to  which  it  belongs ;  and  it  will  contri-  then  the  image  will  not  be  formed  at » 
bute,  in  the  proportion  of  its  area,  to  sufficient  distance  from  the  lens  of  the 
increase  the  general  effect  eye  to  reach  the  retina,  and  thus  imper- 

5.  If  it  should  be  thought  advisable  feet  vision  of  distant  objects  is  produced. 
to  grind  the  segments  separately,  or  To  remedy  this  defect  eoneave  letuf 
two  t>y  two,  a  much  smaller  tool  vrill  be  must  be  resorted  to,  in  order  to  diverge 

■  mif  they  formed  one  con-  the  rays  iMdbre  they  enter  the  eye,  and 

But,  if  it  should  be  reck-  thus  lengthen  the  focus  of  the  crystal- 

oned  more  accurate  to  grind  each  zone  line  lens  to  form  an  image  on  the  retina. 


by  itself,  then  the  various  sttmeots  may    When  the  eyes  are  not  directed 

W  ea«ly  held  together  by  a  firm  cement    the  centre  of  the  spectacle-gla" 

6.  Each  zone  may  have  a  di&rent    obliqui^of  their  surface  to  ^ 


focal  length,  and  may,  therefore,  be  be  increased,  so  as  to  occasion  a  con- 
placed  at  different  distances  from  the  fused  appesrance  of  the  olgect.  A  great 
local  point,  if  it  is  thou^t  proper,  portion  of  thb  confusion  is  removed 

m  the  spectacles  now  usually    made. 

when  compared  with  those  formerly  em. 

CHAWaa  III.— -%)«*«*•— ftniMwic    pl<^ed,  wtose  siie,  being  very  large, 

Sptelaelet.  augmented  the   miperfecbon;    for  it 

may  be  observed  that  when  oljects  are 
(13.)  ^Mclaelei.* —  y/hen  two  lenses  seen  through  spectacle-glasses,  no 
ore  mounted  in  a  frame  to  fix  before  the    more  of  the  glass  is  employed  ^  one 

. „ view  than  a  portion  eijuaf  to  the  size  of 

. -Tii™  i  u  b.  !.■     b«  '       fhepupiloftheeye;  tnison  onavta^ge 

wotSrtUi ulT^  uS?  "'*'•""         ""    may  be  reckoned  at  the  ngfUh  ^  u 
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tncA  in  diameter,     lliua,  we  aee  how  $oopic  form  employed  for  coireotiiuf 

maQ  a  portion  is  med  for  the  puposea  the  defect  of  a  short  or  near'ai^t  is 

of  vUion  ;  but  as  it  would  be  tedious  to  showa  in  section  at  B,  having  tia  an- 

reqnire  the  eye  always  to  look  through  toior  surfuce  convex,  a»  in  the  fonna 

n  small  ^>erture,  the  glasses  are  left  of  case;  but  here  the  concavi^  on  its  pos- 

a  sufficient  size  to  admit  of  a  moderate  terioi  side  is  increased  to  procure  the 

d^pve  of  motton ;  and,  as  we  require  a  required  divergency,  and  compeimte  for 

greater  latitude  horizoutally  than  TOti-  the  convex  side, 
rally,  their  figure  is  made  of  an  oval 

form.  Chapter  IV. —  Tel&eopet —  Commmt 

In  the  selection  of  spectacle'^asses  Attronomicai  Teleicope — Day  Tde- 

rreat  care  should  be  used  in  examining  tcope—Dynameteri. 
Utem.  and  the  first  point  of  importance 

M  thegoodnessof  tSematerialofwhieh  (It!)  A^Tdeaeope  is  an  optical  instm- 
Ihey  are  formed  ;  this  should  be  free  ment  employed  for  viewing  distjmt  ob- 
from  all  veins  or  small  tiubbles,  for  if  jects,  by  mcreasing  the  apparent  aD|i;le 
one  of  these  occur  in  the  portion  under  which  they  are  seen  without  its 
through  which  we  look,  it  will  greatly  assistance ;  and  hence  the  effect  on  the 
impair  the  eyes.  The  next  circumstance  mind  of  an  increase  in  size,  or,  as  corn- 
is  the  colour  of  the  glasses;  'the  best  mooly  termed,  m(^7tTif«d representation, 
adapted  for  general  purposes  is  a  pale  Tix  construction  of  the  Telescope  is, 
blue.  The  figure  of  their  Bur&ees  should  perhaps,  one  of  the  most  important  ac- 
be  perfectly  spherical,  for  if  they  are  quisituros  that  the  sciences  ever  attained, 
curved  more  in  one  direction  than  in  as  it  unfolds  to  our  view  the  wonders  of 
another,  thqr  mill  injure  the  light,  unless  the  heavens,  and  enables  us  to  obtain 
they  are  cylindrirallyfinmed,  as  for  some  data  for  astronomical  and  nautical  pur- 
paniculir  disease.  The  poli^  should  be  poses. 

clean,  and  free  from  flare,  which  too  The  mvention  of  this  instrument  is 

often  arises  tmm  the  manner  in  which  somewhat  uncertun,  and  is  ascribed  to 

they  are  usually  polished  on  heteroge-  difierent  individuals,  as  John  Baptista 

neoua    sur&ces,    produdng    what    is  Porta,    Jansen    of    Middkburg,    and 

technically    termed   a    eariUd  glan.  Galileo.   The  time  of  its  first  construe- 

See  the  method  of  grinding  and  polish-  tion  was  about  the  year  1590. 

ing  lenses,  described  in  (48).  The  simplest  construction  of  this  in- 

(14.)  Dr.Wollaston,  in  order  to  allow  strument  consists  of  two  convex  lenses, 

the  eyes  a  considerable  latitude  without  so  combined  as  to  increase  the  apparent 

btigue,  invented  a  peculiar   form  of  angle  under  which  distant  objects  are 

glasses,  called  by  turn  peritaijiic,  from  seen.     If  we  take  a  convex  fens,  and 

two  Greek  words  signi^ng  teeing  about;  place  it  in  a  similar  position  to  the  object, 

their  form  is  that  of  a  meniscus  with  as  that  '\aflg.  1,  and  another  of  shorter 

the  concave  aide  always  turned  towards  focus  in  the  position  Jig.  B,  with  a  dis- 

the    eyx.      When    they    are    intended  tance  between  them  equal  to  the  sum  of 

for  long-nghted  penotu,  or  old  age,  their  foci,  a  telescope  will  be  formed, 

the  anterior  surface,  or  that  next  3ie  and  the  magni^ng  power  will  be  in 

object,  is  formed    spherically  convex,  proportiontothefo[:u9  ofthe  twolenses. 

with  a  curve  deeper  than  the  concave,  Let  O  (/f^.  15)  be  the  object  lens,  and 

so  as  both  to  gain  the  rei;|uiicd  power,  suppose  it  B  inches  focus,  and  t  the 

and  compensate  for  the  divergency  oc-  eye  lens,  of  2  inches  focus,  the  distance 

casioned  by  the  concave  side ;  this  form  lietween  these  two  lenses  must  be  ten 

is  shown  at  A,ifig.l4).     The  peri-  inches,  if  the  object  beat  an  infinite 
distance,  as  a  star ;  bat  when  the  object 

p.    ..  is  terrestrial,  the  distance  between  the 

*'     ■  two  lenses  must  be  incicased  to  adjust 

H_  for  distinct  vision :  on  this  account  the 

W  tye  lens  is  mounted  in  a  tube,  alidii^ 

'  within  anothertube  in  which  the  olject- 
glass  is  fixed,   and,  therefore,  can  be 

B__^^b  drawn  out  for  near  objects.    As  the 


under  wtuch  they  are  seen,  the  image 
- I,  in  fte 


focu4  of  the  eye-glass  e,  "will  subtatd 
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.„---  ed,  nhich  is  four  Gmes  the  (17.)  The  commoada^-teleteopeia  an 

angle  eo  d  that  the  object  subtends,  for  inatniment  of  this  class,  with  the  addi- 

thedistajicef  oisfourtimes  Fe:  hence  tion  of  two  other  lenses  of  the  snme 

the  magnifying  power  maybe  found,  by  power  as  the  eye-lens  e;  these  lenses 

dividing  the  focal  length  of  the  object-  will  produce  an  erect  image  of  the  ob- 

glass  by  the  focus  of  the  eye-glass,  when  ject  when  placed  at  a  fixed  distance 

me  quotient  will  be  the  power.  Objecta  from  each  other,  equal  to  the  sum  or 

seen   through    this  telescope  are  in-  theirtwofocallengtlu.  Letofylfr.  ie.)be 
verted,  and  on  that  account  it  is  inap- 


hazy  weather  when  there  is  little  light ; 
it  is  hence  called  a  night  telescope. 

(16.)  The  common  attronomical  tele- 
scope is  of  the  same  principle  of  con- 
struction  as  the  precMing.  The  inver- 
sion of  the  object  is  immaterial  in  its 


ment  is  felt  when  vec}'  hieh  powers  are 
required,  for  then  the  olgects  are  ren- 
dered dark  and  obscure,  and  if  the 
aperture  of  the  otgect-^lass  is  increased 
to  admit  more  light,  the  formatiou  of 
the  object  is  confused.  M.  Huygens, 
however,  made  a  telescope  of  this  con- 
Etruction,  in  which  he  was  enabled  to 
use  an  aperture  of  6  inches,  by  making 
the  focus  of  the  object-glass  123  feet  in 
lei^th,  and,  by  changing  the  eye-lenses, 
any  required  power  was  produced.  From 
experiments  on  different  combinations, 
he  found  ttiat  to  obtain  the  greatest 
distinctness  and  light,  the  focus  of  the 
object-glass,  its  aperture,  and  the  power 
of  the  instrument,  should  be  according 
to  the  folloiviug  table : 

Focu  at  Apntonor  Tdcm  o(  tSaMniMiia 
llwiOliJMl     rfeObjeet       lh»  t>         fS>ra. 


F^.  16. 
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ttie  cib|B<it-lens>  i>hieh  mj  be  the  lamc  As  a  lens  is  fbrmed  vith  tno  nip- 
ftwu«  aatiwt  iii^.ie,«e«llveeUiiKi  ihces,  and,  consequenlly,  has  two  re- 
of  equal  power.  Now,  if  the  fociu  of  fractions,  we  shall  first  inTeatwate  tb* 
Mch  eye-tens  «  ii  two  inches,  aa  in  the  abemttian  of  a  sphoical  reflecting  but- 
fbrmer  case,  then  eat^  eye~glass  must    face, 

be  placed  at  a  fixed  distance  of  4  inches  In  (2)  the  focus  of  a  concave  sphe- 
from  each  other ;  and  the  distance  be-  rical  reflector  was  stated  to  be  half 
tween  the  object-lens  o,  and  the  nearest  the  radius  distant  from  its  surface ;  this, 
eye-lens,  mil  be  1 0  inches,  this  distance  however,  is  only  the  case  with  parallel 
increasing  as  the  objects  to  be  viewed  rays  near  the  centre.  When  we  are 
approach  the  instniment.  The  power  desirous  of  enipioyin;  specula  for 
of  day-te]escopes  may  be  calculated  in  telescopes,  they  require  to  oe  made  of 
the  same  manner  as  the  aitronomical ;  the  parabolic  or  hyperbolic  form,  to 
lOT  the  two  additional  lenses  produce  unite  all  the  rays  to  one  point ;  the  rays 
no  effect  in  the  amplifioation  of  the  that  fall  dh  tlie  extreme  parts  of  a  sphe- 
objecti.  rical  reflector,  forming  an  imaKC  nearer 

(IS.)  Hie  magniQang  power  of  tele-  tha  speculum  than  those  that  nil  on  its 
scopes  may  be  ascertained  without  a  centre.  In^.  17,  F  is  thefocus  of  cen- 
knowledge  of  the  foci  of  the  glasses,  by 

means  of  Adynameter;  tMs  apparatus  Fig.  17. 

■imply  consists  of  a  ibip  of  mother- 
oF-pearl,  marked  with  equal  (^visions, 
from  the  ^Is  to  jAb  of  an  inch  apart, 
according  to  tlw  accuracy  reqmred ; 
this  measure  u  attached  to  a  magnifying 
lens  in  its  focus,  in  order  to  make  the 
■mall  divisions  more  apparent.  When 
the  power  of  a  telescope  is  required,  the 
person  must  measure  the  dear  aperture 
a£  the  oliyect-glass ;  then  holdmg  the 
pearl  dj/nameter  neict  the  e^e-^lass,  let 
him  observe  how  many  divisions  the 
■mall  circle  of  light  occupes  when  the 
instrument  is  directed  to  a  bright  ob- 
ject. Then  by  dividing  the  diameter  of  tralrays,  andthepoint/thefocusofthe 
the  oWect-glass  by  the  diameter  of  this  extreme  rays  A  C,  while,  along  the  axis 
cirole  of  light,  the  power  will  be  ob-  from  /to  F,  images  from  the  different 
f^iiMJ  parts  of  the  reflector  will  be  formed  of 

the  game  object ;  these,  not  coinciding, 
CuAPTsa  \.—Aberraivm  of  Refleclori  wiU  confuse  one  another.  The  quantity 
and  of  Lmtet—Gloit  and  Diamond  F/is  called  the  longitudmsl  aberration, 
coomared  —  Huygeru'  Eye  Piece—  "nd  "iU  *»  equal  to  half  the  aperture  of 
Reunadaie  Eye  Piece — Newton't  the  speculum  squared  (a  6) ',  divided  by 
Paraiolie  LeiuM —  Chromatic  DiM-  *  times  the  radius  of  curvature  (db),OT 
P""**""'  —^2  nearly,   in  iqwonla  whose  sinv 

(19.)    The  field  of  vision,  or  number    face  is  spherical.* 


of  crtgects  seen  by  the  telescopes,^*.  15        This  spherical  aberration  produc 
■    "  '"  '        ry  limited,  the  eye-wnses    indistinctness  of  v'--    "- -  


I  16,  is  very  limited,  the  efe-lenses    indistinctness  of  vi«on,  by  spreading 


by  tbed^t«dlinea  1 1  inj^,  IS,  which  do  object  into  a  small  spot  in  its  picture; 

not  enter  the  eye  lens  a,  and  are  not  which  spots,  bymixinswith  each  otlier, 

reoaived  by  the  eye.    Now,  if  the  dia-  confuse  the  whole.    The  diameter  of 

meters  of  these  knses  were  increased,  this  circle  of  confusion,  at  the  focus  of 

the  objects  would  be  rendered  indistinct,  central  rays  F,  over  which  every  point  is 

■rising  from  the  rays,  spread  over  the  spread,  wdlbe  LK  (/^.  17.) ;  andwhoi 

■urbce  of  the  lens  from  any  point  in  the  aperture  of  the  reflector  is  mode- 

Ibe  object,  not  being  collected  again  in  rate  it  equals  the  cube  of  the  aperture, 

another  point  after  refraction.     This  divided  t^  the  sqiuie  (rf  the  radius 

error  is  ocaasionad  by  the  figuro  of  the    

lens,  and  is  called  tha  SDiMnsal  kberra-  •Tiotorii.ofnvimBMisdiif  m/curreKiiii* 

twBbyfigure.  wawwtau  <»(»*» 
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OPTICAL  INSTRUMENTS. 


/"'IV  thi.  cirde a  called  the aberra-  'V*-  "■  ^^ *^?JM**^ *^.* 

tritr^^^^^^^  plano-convex  lens.    Let  tbe  plane  side 

bono/ latitude.  be  exposed  to  parallel  nva,  andl^a  A^ 

(20.)  Hie  abetration  produced  by  a  be  an  extreme  pencQ  of  rays,  D  tht 

lens  with  a  spherical  auriace  is  showa  centre  of  curvature;  D/the  axis  of  the 


lens ;  and  F  the  focus  of  a  slender  pen- 
cil of  incident  raya,  at  an  infinitely 
smaller  distance  from  the  centre.  Now, 
as  the  extreme  ray  a  A  is  perpen- 
dicular to  the  plsjie  surface,  it  will 
pass  directl)[  throueh  to  the  convex 
side,  where  it  will  t>e  re&acted  to  /,- 
crossing  the  axis  in  that  point,  for  D  A 
is  perpendicular  to  the  curve  at  A,  and 
a  D  the  sine  of  incidence,  n  D  the  sine 
of  refraction ;  hence,  an  image  of  the 
olject  will  be  formed  at  F  by  the  cen- 
tral rays,  andanotherimageof  thesame 
otgect  will  be  formed  at  /  liy  the  ex- 
treme rays;  while,  trom  F  to/,  images 
of  the  same  object  will  be  formed  by  flie 
intermediate  portion  of  the  lens.  The 
longitudinal  aberration  F/hean  a  cer- 
tain ratio  to  the  thickness  or  versed  sine 
BP;  and  when  the  lens  is  placed  in 
the  position  shown  in  the  fisiire,  it  is 
equal  to  I  or  4t  times  B  F ;  this  quan- 
tity will  be  decreased,  when  the  curved 
Burftce  of  the  lens  is  exposed  to  paral- 
lel rays,  that  is,  when  the  refraction  of 
the  firist  surbce  is  made  nearer  the  per- 
pendicular, or  when  the  ray  is  bent  in 
passing  from  a  rare  into  a  dense  me- 
dium, and  this  difference  out  of  air  into 
gJsM,  will  be  in  the  proportion  of  27  to 
7 ;  BO  that  when  the  convex  side  is 
placed  next  the  radiant,  the  longitudinal 
aberration  will  be  only  I  of  the  thick- 
ness BP,  0TI.I6S. 

When  a  crossed  convex  Icais  is  used, 
the  proportiooa  of  the  radii  of  whose 
■ur&ces  are  as  1  to  6,  and  the  most 
convex  side  is  exposed  to  the  distant 
radiant,  the  longitudinal  aberration  will 
be  the  least  possible  quantity ;  vix.  |). 
or  1.0714  of  the  thickness  of  the  lens, 
Wtm  tbe  radii  of  a  double-sonveK 


„AC    , 


good  as  a  plano-convex  of  the  same 
thickness,  in  its  beat  m)sition.  Tft« 
longitudinal  aberration  ¥/iacrea»eM  at 
the  »quare  of  the  cgaerture,  when  the 
curvature  of  the  lent  ii  not  altered; 
and  is  invereely  aa  the  foeol  dittimce, 
tohen  the  aperttire  it  cvnttatil. 

The  lateral  aberration,  which  is  the 
actual  confusion  of  the  image  at  the 
focus  of  central  rays,  b  equal  to  the 
longitudinal  aberration  ¥f  multiplied 

r  the  aperture  of  the  lens  di- 
vided tiy  the  focal  distance,  which  is 
equal  to  K  H,  Now,  if  rays  are  drawn 
from  the  different  pwts  of  the  lens,  it 
will  he  found  that  ttiey  will  tie  refracted 
through  a  small  circular  space  I  R, 
whose  diameter  vrill  be  ^  of  K  H  ;  hence, 
this  point  must  be  considered  as  the 
focus  of  the  lens.  The  lateral  aberra- 
tion of  lentet  increatei  at  the  aibe  of 
the  t^erlure,  if  the  radiut  remain  the 
same,  or  invertebf  at  the  tquare  of  th« 
radiut  when  the  aperturet  are  the  tame. 
llieselawa  may  be  considered  as  de- 
taroining  the  mative  aberratiOR  of  all 
lenses ;  yet  it  is  found  that  if  we  employ 
media  of  diffsrent  refractive  powers, 
and  form  each  into  lenses  of  like  curva- 
ture, the  separation  or  spreading  out  of 
the  rays  at  their  fbcsl  point  will  be  dif^ 
ferent;  that  possessing  tbe  higheat 
refriwtive  power  producing  the  least 
aboration,  though  its  amplifying  power 
will  be  greatest ;  thus,  if  three  tenses 
were  ground  in  the  same  tool,  one  of 
plate  glatt,  and  the  othera  ofer^kire 
and  lUamond,  they  would  posses*  voj 


OPnCAL  INSTRUMENTS.  U 

i  magnifying  powen,  ahtfra-        31.  Tbs  great  advuitweaf  duly  cod- 

Uoti*,  •Jnd  t^watton  of  coUntr,  or  ndering  the  abontion  of  lenses  wiU  be 
ehrvmalie  ditpertum,  (thii  latter  error  erident,  if  we  combine  two  lensea,  of 
is  explained  in  23  :)  their  respective  va-  twice  the  focal  distance,  instead  of  one, 
]ue>  are  shown  in  the  following  T^le  :  to  produce  any  given  power,  ad  the 
aberratjon  will  be  demased  to  one 
quarter  of  that  of  a  ungle  lens  of  equi- 
valent power,  and,  therefore,  the  ^>er- 
ture  of  the  compound  lens  may  be  iii< 
«reaaed,  while  the  error  will  be  les*  than 

ButthiadififerenceinthelongitudioU  ILiLT^^i* '?/"    1°  ^e  common  tele- 

•berr«tion  would  be  much  gnX  if  the  !S^ 'j^^*' \*  "?V^il'' .'"?  ^^?^ 

len«e9  were  so  formed  as  to  rive  the  '^J^'  "''•^^^"f  ^  "^j?  »bl«t 

•ame  magnifying  powers ;  for  tffis  error  ^  eye-glaa^  as  there  shown,  the  aper- 

■IwaysdSjr^S  lis  the  squares  of  their  ^  "^  ^^,^^i^  ™^'*^,;^ 

teip^tive  radii,  while  the  Uteral  aber-  ?«W'MquenUy,  ^e  "nrt™nfnt9  would  be 

ratiW  or  area  ofthe  circle  of  confusion  ™S?^'1*"'^'  wd  field. 

will  be  as  their  cube,.  ,.  (?2-)  M.  Huygens  haa  demonst«ted. 

Hence,  in  tappkire  and  diamond  knttt  ^  ^^^  ^^IFT*!!"'  ^°^^^  *^"f  * 

of  high  magSfying  powers,  the  indls-  wsswreqmreclfortheeye-piece  ofate- 

tinctaess  arising  from^eir  figure  would  le«»J«."tmay  beobtamedtytwoidMO. 

barely  be  discSiiible  in  pStice,  thus  '^™='  '™*"-  ^^""^  as  in  j^.  1 9,  with 
producing  a  kind  of  natural  t^lanalie  fW,  1 9, 

magnifier.  .     . 

The  valuable  properties  possessed  by 
these  stones  were  known  to  Sir  Isaac 
Newton,  and  Martin,  and  have  been 
more  particularly  pointed  out  by  Br. 
firewHter,  in  his  Treatise  on  New  Optical 
hutrumentg.    But  their  hardneai  and 

crytUUline  Jlirm -Drahi^y  occasioning  ..  .  ,  .,  ... 
difficulties  in  ttie  formation  of  spherical  their  plane  sides  outward,  and  the  focus 
polished  surfaces  ahaost  insurmount-  °'  '^"^  eye-lens  E  must  be  |  of  that  of 
able,  has  retarded  theu-  adoption  as  f'^  neld-lens  F,  with  adistancebetween 
lenses:  however,  we  have  lately  learned  J''*""  ^l""'  ^"JJ!*  difference  of  their 
that  Mr.  Prilchard  has  succeeded  in  '^"  lengths.  This  combination,  from 
ftmniog  ihese  substances  into  lenses,  *he  puroose  it  has  l>een  adapted  to.  ii 
wd  their  application  to  the  microscope  <=?"«>  ^"«,  astrononuca]  positive  eye- 
is  so  favourable,  that,  if  any  new  disco-  ?•«»  •  .?fd  the  telescope,  by  this  addi- 
■veries  are  to  be  made  in  the  minaHaof  ^°^-  "^^  hB,ve  four  times  the  distinct- 
notoM,  the?  seem  tfiost  likely  to  develope  "^'^  "^  "■.,"?g'^^f?' ?'  of  equivalent 
U,g,„         '                                         '  power,  while  the  distortion  of  the  object 

Thi  process  by  which  these  lenses  wU  only  be  (of  that  produwri  by  a  sin- 
are  worked,  and  their  application  to  the  F'«  'f  ? '  ^"'^^  refraction  of  the  object- 
microscope,  are  detaUed  in  the  Journal  ""'  ''™8'  *«  ™^s  of  *"«  maigina^ 
of  Science  of  the  Royal  Institution,  ™y*  nearer  to  itself  thari  the  central. 
ToL  ii.  page  15  (New  Series).  Tlus  therefore  «he  "n™  will  be  formed 
wraer  waa  communicated  by  Dr.  Go-  convex  next  the  lens  F,  as  shown  by 
Ting,  who  suggested  to  Mr.  Pritchard  *•«  T^'^'f*^  "^  '^t. '?^"?_:*' 
Ib^advanta^  which  diamond  lenses  SJV'^ffu  "^-  ^  .^V^.i."  J"^ 
would  moat  probably  possess.  ***  «,«?  '"i^  lens  D,  the  distor- 

The  adurtation  of  Uiese  lensea  to  *""*,  ^"'    '^  decreased  m  the  square 

tdewmpes  in  place  of  the  ordinary  eye-  of  tliis  ratio,  or  4  times.    On  this  ac- 

duMS  would,  in  all  probability,  be  at-  '^"''**  *  """'m-  combination  is  used  fiir 

inded  vrilh  equal  suocess,  whwe  every  *"*  ^e-pieces  of  telescopes  for  astrono- 

Oicumstance  calculated  to  produce  a  P™  quadrants,  and  other  graduated 

Cfcct  representation  of  the  object  is  of  ;P»'™^?*»-  ^^^  ^  convex  side  of 

utmost  importance,  ™  field-lens  is  turoed  towards  tbe  ey^ 

glass  E,  because  equal  divinona  on  a 

a  nftwnim  o(  micrometer  correspond  with  equal  an- 

riu  !^  subtended  by  objects  imasuccd  br 

tUiinitnuMDt,  TDiiooiiibiMtion,wUsb ' 


■m  -      OraOAtt  INSTRUICSKTS. 

it  eftHed  lUmtdeti'a  MlennsfHoal ^e-  (84.)Toilliistnitet}iedmniKtio(H9a> 

l^eoe.hu  one  mii  diMdvaiitftge,  T)i.  nonproduced  bykleni,  leta  A,y%.  20. 

that  it  requires  the  eye  to  be  placed  ex-  be  i  white  compounded  pencil  of  light 

ceedingty  near  to  the  eye-len*  E.  ptoceedinf;  from  any  luminous  body, 

(33.)    Being  tiow  in    poisewion  of  and  fallingonlbe  lenaB;  pomllel  lo  its 

&  combination  that  will  dimnuah  ths  axis,  at  the  point  a,  this  pencil  of  light 

aberration  pnMlUBad  hy  the  eye-piaca  of  will  not  be  refracted  colourless,  buttho 

a  trieieopa,  ow  Umit  of  laagiaSfing  red  reys  will  cross  the  axis  at  r,  and 
power  and  Hght  will    arise  from  the 


.    _     .   .    .      1  by  the  objaot-^asa ;  i^.  90. 
and  this,  we  btve  seen,  mi^  be  dimi- 
nished I^  having  Am  curves  of  the  two  " 
surfhees  a*  I  to  6,  with  the  aioat  oon- 
TBX  side  outermost;  fbr  this  iRU  ha* 
beeM  shown  to  have  less  aberration  than 
■My  other*.     Seooitdly,  by  using  two 
lenses  of  twiea  the  foeus  in  contact,  to  _ 
produce  the   required   refroction,  and 

thus  diminish   the   eeror   four  " 

Buh  although  lhi«  error  may,  _   _      

means  here  pointed  out,  beiOTdered  the'axii'at  .; ;  and  along  the  inlerme: 

^erysmaUandalmMtmipeMeptible.j'et  diate  space  from  r  to  «,  wiU  be  formed 

It  IS  magnified  in  the  same  m-oportion  ^  coloured  Kpecfrum  of  orange,  yellow. 

aatheobiMts;  wid«*en  highpowers  g^en,  and  blue  ;  the  proportionalquan- 

aie  used,  the  mdwtinetness  will  become  atyofthesecoloura.Midtbetotallength, 

sensible.  -,.,.,.  "iu  v«7   according  lo   the  substance 

Sir  Isaac  Newton  connived  that  the  ofwhich  the  IcnsisTormed.*    Sirlsaao 

surfaces  of  the  Uns  might  be  formed  of  Newton,  by  most  accurate  observations, 

some  mirihemabcal  curve  which  would  f„j„^  ^,^^1  in  common  glass,  when  the 

entu^lyobviatethisaTor;  and.bymves-  ^-^  ^.f  (he  angle  of  the   incident  rays 

tigabonhe  found  that. rf the  surfece were  ^  „  „^  53^^  ^^  of  ^fracUon  of 

^f^  Y^  revolution  of  aparabola,  Uig  ^  ^j  ^^let  rays  were  77°  and  78", 

and  the  radiant  or  object  be  at  an  infinite  the  mean  reft^dion  of  the  pencU  being 

distance,  the  rays  would  l)e  collected  to  ^^,0     j^ow  ifwe  0^  the  sine  of  in 

a  point,  and  be  ft«e  from  aU  aberraboa^  ^^^ '  ^  ^  0,;  ^„g  ^j  refraction  for  red 
He  ^towards  formed  tools  to  gmd  and  ^^  ^f  the  violet  v,  it  Is  found 

pohsh  lenses  of  this  figure,  but  when  fhit  the  diameterof  the  circleofdisper- 

made,  although  the  error  by  figure  was  ^^^^  ^     ,hro    ^  which  all  the  colours 

the  white  heterogeneouspencils  of  light  ^  ^s  1  to  Si,  so  that  the  diameter  w 

(before  that  tune  considw^  "l^^^^J^K^"  .tth  part  Of  the  apeiture  of  the  lens, 

iwousiin  their  passage  through  the  lens,  ^i^^;^  equal  to  Uf  the  diameterof 

were  divided  mto  their  severa^  consb-  the  circle  o I  dispersion  at  the  focus  of 

tuents  of  rod.  orange,  green  blue,  and  central  rays  r.  ^e  circle  ofdispemon 

Yiole^mthesamemannerasbyapnam,  u,^t  will  comprehend  any    pafecular 

and  Hence  lenses  of  this  figure  became  colour,  or  set  ^  colours,  may  be  easHy 

"^'^''- calculated.    Thus,  all  the  orange  and 

.  Dr.  B«w.tar. «  kk.  Edi«™  of  F«™«-.  1*  I?"""  '■?  P^S  th™"*^  ^  ^l*.  »*«» 

tnHCT(iLii.o.iM),.iua.ttaiiasTfark)fw>«  diameter  IS  ,l,th  of  the  aperture  of  the 

*w""k^^'***'™T5r^"'*^"'  ^™s-    ^"'^'i  '^  "  considered  that  an 

rfft.oi^«trtl-rt«M£i^™"i™S.r^  ob]ect-glass  51  inches  in  diameter  has  k 

to  M(kl  of  {U  fast]  taclli;  ud  Ika  r^M  Cf  tiM 

iBISTM  ni{kM,M  thU  gcxt  tha  en,  ilmld  bsE        •  Hi  liuo  Mnrlso  Inulwd,  fUt  Ika  lUAmt 

*i-o4tofiio»l  Imga,    InHHtBHH,  Ihandiual  HlDin  diTidal  tk-  • ' — -■  i- -"  --•- 

— '-nBntlk>(«M((£»AlliiStiin«ilr'— ■  - <- -^ 


tenBntlAsWMtttMldliiS'tinMiMfcs*!  rtuwi  Is  (be 

•,>DdtkMgltiii  nrfHeButOeercB'BflB  ia  (bud  la  bl 

lime iuUBoe.    Bi  tti) beui,  the ■SemCiDii  farmed bi  up — , _ 

■rietHffRwi  tUipliarieillnnorikelettaombi  prKiMlr  the  tenve  Inclli  >■  fonnrd  br  Um  tide  of 

KilUBEl<>raUeel(  )iU»d  b  the  dinelia  of  their  ft  irilb  ■  prim  of  lint  rliie,  the  oobSm  Mwees 

eue.  end  (b*loAetpo4i,iUc  for  ol^ecti  EtiBOTed  from  the  nvoi  eod  U«*  tiUba  faoiid  preeuelj  id  (h« 

■he  eile.  Annrdlic  la  Hineni.  ikn  ipbrrioel  iibn^  aiiddle  oC  fkt  trtl  ■pgetTnm  i  but  in  Ibi  inamd,  U 

nlwiVM  Ike  Umi  pa^Ur.  irbaB  Ihn  rndii  nl  tbe  will  bg  ODDiidcrebl*  nurei  te  the  red  eitrmilTi 

.eirfuei  ueee*  to  1.    Bnt  Ikonik  Ikieba  trnefar  iadeed,  (kire  ue  bmtdlf  two  enbetuHee  Uut  du- 

obiKti  pliMd  lnlbiiaeiD(Ibilfun.Tetnn]iulds-  pene  Ike  coloare  In  (be  uaie  pTaponiau.     Oil  sf 

nb*ikm*Mo.TeBrtuwk*atki«k)«itaaHpbMd  Suda  eieiK  tb*  leul  xtlai  w  iimb  lioU,  m3 


fl jele  «f  Aspn-riolt  ^th  of  an  inch  la    tot  wUek  the  u^  of  all  thft  mi1oib«iI 
dimneter,  it  may  be  nirprifliw  that  amy   ran  anwnaL  Bj  punnsw  tUi  tdaa  he 


S'lctureofBnc^coteanbedifltii^uuhed;  •ntbdyobviatedtheehnnutica 
ut  the  mperior  vivacity  of  the  orawe  thefint  telemqwhemadetiTrd 
uid  yellow  ll^t  in  eompariiott  with  tilt  the  diittBotaeu  with  whioh  acg'c^  ^^i^ 


rest,  make  tiie  effect  t^oduoed  by  tha  Men  through  it  wm  nujirisiiw,  when 

conniilon  of  the  eolonmanch  leu  ten-  oompand  with  the  KfraGtinf;t<leM(nMe 

■ibie,  andwiB  allow  this  apertne  to  be  of  tlioae  times ;  forttkouf^tlwfooBlaiB- 

used  when  the  focal  length  of  the  leoa  ta»c«  of  the  Metal  wm  only  61  incbea, 

1* considerable.  Itwouldoanya  powerof SSwitheoual 

(29.)  We  mar  now  compare  the  df  tune-  diit^iatnau  to  t  4  feet  refraotor.    The 

ten  of  the  drdes  of  the  chromatic  and  fbm  of  the  metal  waa  ipberically  c(»- 

■pfaerical  aberration  together.  If  we  take  eave;  but  by  inresligatton  he  aiMr- 

s  standard  telescope  of  approved  rood-  tained  that  if  the  brm  had  been  that  (tf 

nes9,  it  has  not  been  found  poMible  to  ft  parebolft,  tlMn  woold  not  have  been 

give  more  than  4  Inches  aperture  to  an  Kay  spherical  abontiea  prodaeed;  and 

object-glast  of  1 00  feet  Ibcal  distanoBi  if  we  examine  the  i|dwrieftl  ab«ntti<« 

BO  as  to  preserve  sufficient  distinctness ;  by  flguTeofaBphoriMllyeoacftvemetal, 

and  if  the  diameter  of  the  circle  of  iphe-  and  eompare  it  with  that  tf  a  jdaso- 

rical  aberration  is  computed  for  this  lens,  eonvex  lean  ground  in  the  same  tool, 

It  win  not  exceed  Tig^i,th  part  of  an  the  fonner  will  be  4,  while  tha  lattor 

Inch,  while  the  chromatic,  if  reatheted  is  9.    Butwhm  It  iseoaadoredthatthe 

to  ilith  of  the  ^;>erture,  which  is  hudly  fbcns  of  the  glass  lens  is  4  times  that 

a  fifth  of  the  whole  dispersion,  (or  dia-  ofthe  metal,(fortbe  foealdiatanGeof  a 

meter  of  the  circle  of  orange  and  ydlow  plano-OMvex  lens  is  twice  the  radius, 

„  . ,    .      I      ,      .    ,         ,  .    ,.  and  that  of  a  oonoave  reftaotor  halfthe 

li(Eht,)iSg^ofanmch.  and  u  there,  n^^t.)  to  make  their  fbd  equal,  ti» 

fore  about  190O  times  greater  than  the  curvature  of  the  lens  must  be  4  times 

other.  But  when  the  aperture  of  a  lens,  Ihatofthemeculviin;   and  it  has  been 

is  increased  to  30°,  the  spherical  abem-  ehown  that  the  eiror  by  figure  m«rea«e« 

tion  will  be  found  equal  to  the  chroma-  inversely  a»  the  square  of  the  radius : 

tic  in  a  glass  lens;  but  this  tqwrturecaa  bence  the  aberration  of  the  lens  will  be 

only  be  uied  for  eye  lowois  or  micro-  ^°  that  of  the  reflector  as  4'  x  9  to  4, 

scopes,  eras 36  to  1,  and  the  distinctness  will 
be  inversely  as  the  areas  of  these  circles, 

CBAinn\L—RefiecHrurT^eteopaa-~  which  areasthesquaresoftheirreepee- 

t/u  yaetonUm—the  GrJoria»-~tA6  *»»e  diameters ;  so  that  the  dutinctness 

Ctutegralman—SirW.Sgrtehart^  of  areflectorwih  be  1296  timM  greater 

Mr.  Simtage'M.  *ban  that  of  a  lens  of  the  same  focus  and 
<q)wtui». 

(26.)  With  these  disadvantages  to  oon-  (2r.)  The  Newtonian  telescope  j^, 

tend  against  in  refractinf  aidxtances,  S).  consists  of  a    concave  pandwUc 

Sir  Isaac  Newton,  in  the  year  1666,  metal  A,  fixed  at  the  end  of  the  tube 

turned  his  attention  to  reflected  li^t,  ddd;  the  plane  speculum  c  is  fixed  to 


/V-81. 


a  wire,  having  its  other  end  attached  to  is  a  single  lens  with  its  flat  ade  outer- 

a  dove-tailed  aliding-piece  i  i,  and  the  most,  or   tba  aatronoducal  eye-mece 

ftce  of  the  plane  metal  is  inclined  to  the  (j^.  19.)  ;  but  as  the  colour  pnxhwed 

axis  of  the  tube  and  the  Isive  speculum  t^  these  eye-knsea  ia  not  ceneeted, 

at  an  angle  of  49°.    In  the  slidmg  piece  another  oombiHrtiMi,  oaUed  the  nega- 

i  i,  opposite  the  small  metal,  is  inserted  tive  acbnMatic  «ye-pieeet  ihonld  be 

ft  short  tube  to  h<ddsn  eye-piece,  which  used,  lAidl  iriB   b«  4hMriMj^[.> 


» 
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(reathig  on  fte  dhromalic  correctiiui  of 
lenaes.  Hie  u^uatment  of  tfii*  instrv- 
HMnt  to  distinct  Tirion  is  nude  I^  a 
rack  utd  pimon  attached  to  the  iliding 
[»ece  and  great  tube  of  the  telescope,  1^ 
which  the  eye-[»eee  and  miBU  •peculum 
is  brought  nearer  or  &rtiier  fram  the 
hive  metal.  Let  r  r  be  ttte  rays  of 
light  comiiv  from  a  distant  object,  and 
ftuting  on  the  laixe  apeeulum  A,  theae 
rays  would  be  reflected  to  the  focus  e; 
but  meting  with  Uie  cblique  flat  metal 
e,  ara  reflected  to/,  where  an  ima^  of 
the  distant  object  will  be  formed,  and  is 
reedT«d  by  the  eye-lens  g,  by  which  the. 
nn  are  rendered  mralM.  The  power 
of  a  Newtomaa  i«nector  is  proportional 
to  the  relative  fooal  distances  of  the 
eoncKTe  metal  and  the  eye-lens.  For 
examtfe,  let  the  fooal  distance  Aeite 
40  inches,  sndthe  focus  of  the  eye  lens 
J-,  half  an  inch,  the  power  will  be  SO.  It 
should  here  be  obserred,  that  the  same 
instrument  which  is  free  from  aberra^ 
tion  for  astronomicBl  observation  will 
not  be  10  for  terrestrial  uses  ;  for  the 
nys  in  the  former  case  are  parallel, 
while  they  are  divergent  in  the  other. 
The  curre,  therefore,  of  the  large  spe- 
culum when  required  for  the  latter  pur- 
poses, should  be  elliptical,  having  the 
FSg. 


object  in  one  focui,  tad  the  Smur  ot 
the  cm-lens  in  the  other. 

l^ua  telescope,  which  is  more  umple 
than  other  reflectors,  may  be  greatly  im- 

E'OTed  according  to  the  method  <a  Dr. 
rewster,  who  has  proposed,  (for  tele- 
scopes of  moderate  siie,  where  a  front 
view  cannot  be  used,)  to  employ  two 
glass  prisms  in  place  of  the  small 
plane.    By  the  experiments  of  U^or 


kater,  it  vmem  that    one-tliird    of 
n  of  light  is    lost  when   re- 

ruwiiliim  A.t  A  vprtl/^'in- 


the  rays  c 

fleeted  by  a  speculum  at  a  vartlcal'in- 
cidence,  and  probably  not  more  than  68 
out  of  100  are  reflected  at  an  angle  of 
45°,  as  in  the  Newtonian  small  metal; 
in  addition  to  this,  the  imperfection  of 
surface  and  figure  in  metals,  ntiich 
makes  the  lays  stray  S  or  6  times  more 
than  the  asme  imperfection  in  a  refract- 
ing surface,*  as  well  as  the  difficulty  of 
warkinK  metals  as  perfect  as  glass, 
induced  him  to  suggest  this  improve- 
ment. Let  a  b,  (J!g.  22,)  be  the  great 
speculum,  and  r  a,  r  b  parallel  rays 
from  a  distant  object  reflected  to  « 
focus  at  F ;  the  cone  of  rays,  however, 
is    intercepted    by     the    achromatic 

Sism  c  d,  and  refracted  to  f,  when  a 
stinct  imsge  is  formed  in  Qie  anterior 
tbcus  of  the  eye-glass  «  by  which  it  is 


22. 


composed  of  aprit -- 

and  another  of  nint  d,  united  l>v  a  ce- 
ment of  mean  refractive  power,  the  loss 
of  light  by  transmission  through  the  two 
prisms,  says  Dr.  Brewster,  wUl  not  ex- 
ceed 600  rays  out  of  1 0,000,  as  the  lig^ 
transmitted  through  a  lens  of  glass,  ac- 
cording to  Dr.  W.  Herschell,  is  9,485 
out  of  10,000  incident  rays.  Hence,  the 
light  lost  by  the  prism  is  only  i  of  that 
lost  by  reSeotion. 

The  Newtonua  telescopes  made  by 
Hadley  had,  in  [dace  of  a  plane  metu. 
a  tight  angular  prism  F  substituted, 
having  its  sides  perpendicular  to  the 
incident  and  emei^ent  rays.  In  this,  aa 
' '^-■--1  hy  tl>e  two  prisma  of 


Dr.  Brewster,  the  ima^  will  be  erect, 
and  a  less  quantity  of  light  lost  than 
by  a  mirror  of  the  common  kind. 

(28.)  Another  class  of  reflecting  tele- 
scopes was  invented  by  Dr.  Gregory,  in 
1660,  but  they  were  not  made  tUl  some 

Sears  after  the  Newtonian,  from  the  dif- 
cultyof  forming  the  metals.  The  Gre- 
gorian reflector  is,  however,  preferred 
to  the  Newtonian,  and  is  most  com- 
monly used,  because  the  observer  is 
stationed  in  a  line  with  the  ol^ect, 
whereas,  in  the  Newtonian  he  is  at 
right  angles  to  it  Fig.  23  is  a  sec- 
tion of  the  Oregorian  reflector.  B  D 
is  a    concave    metal,    whose  surface 
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should  be  formed  by  the  revolution  o( 
the  hjrorbolic  curve  :  this  speculum  haa 
a  small  hole  in  its  centre.  S  is  another 
concave  elliptical  amall  metal  placed  in 
the  nxia  of  the  larger  one,  at  a  distance 
from  it  a  little  more  than  the  sum  of  their 
focal  distances.  H  are  the  ^'lenses 
slidinc  in  a  tube  fixed  behind  the  laige 
speculum  :  the  adjustment  is  made  ay 
the  screw  t  *,  which  moves  the  small 
metal  to  or  from  the  great  speculum. 
Let  r  B  and  r  D  be  two  parallel  rays 
from  a  distant  object,  these  will  be  re- 
.  fleeted  to  the  focus  F  of  the  large  metal, 
where  on  image  will  be  formed,  and  the 
n  the 

HS  of 

aF, 

the  rays  would  have  been  reflected  pa- 
rallel,  but  now  they  form  a  direct  ima^ 
at  I,  and  this  image  is  viewed  by  the 
eye-piece  or  a  single  lens  at  H.  The 
magnifying  power  of  this  instrument 
may  be  computed  thus  : — suppose  the 
focus  of  the  targe  speculum  B  F  is  9 
inches,  and  the  focus  of  the  small  metal 
14  inch;  then  will  the  angle  be  in* 
creased  six  times  ;  but  this  must  be 
multiplied  by  the  ratio  of  the  distances 
I  H,  the  foous  of  the  lens,  and  the  dis- 
tance I  F ;  and  if  these  we  as  1  to  8, 
the  amplification  of  the  object  will  be 
6  y  8  31  48  times. 

(29.)  The  Cassegrainian  reflector  is 
constructed  in  the  same  way  as  the 
Or(^rian,  with  the  exception  of  a  small 
convex  spherical  speculum,  inatead  of 
one  a  little  concave ;  and  as  the  focus  of 
this  metal  is  negative,  it  is  placed  at  a 
distance  from  the  larger  metal,  equal  to 
fhe  difference  of  their  foci,  and  only  one 
image  is  formed,  viz,  that  in  the  locua 
of  the  eye-glass ;  on  this  account, 
the  distinctness  is  considerably  greater 
than  in  the  Gregorian.  Mr.  Ramaden, 
in  the  G9th  volume  of  Uie  Philosophical 
IVansactions,  slates,  that  this  constnic- 
lion  is  preferable  to  either  of  the  former 
reflectors,  because  the  aberrations  of  the 
two  metals  have  «  tendency  to  correct 
each  other :  whereas  in  the  Gr^orian, 
both  the  metals  t>eing  concave,  anv 
•rror  in  th«  q>eculBwiU  be  doubled 


By  assuming  such  proportions  of  the 
foci  of  the  specula,  as  are  generally 

employed  in  these  instruments, which  are 
about  as  1  to  4,  he  asserts  that  the 
aberration  or  indistinctness  occasioned 
by  the  figures  of  the  reflectors  (sup- 
posing each  worited  equally  true)  in  the 
Cassegrainian  construction,  is  to  that  in 
the  Grtgorian  as  3  to  S. 

(30.)' In  sidereal  observationa  of  ne- 
bulee  and  small  stars,  abundance  of 
li)^t  is  necessarily  required,  and  by 
whatever  means  a  loss  of  light  by  re- 
flection  or  refraction  can  be  prevented, 
the  adoption  of  such  a  construction 
would  be  advisable.  Sir  W.  Herscfael, 
from  an  investigation  of  the  loss  of  light 
occasioned  by  the  small  speculum  in 
reflectors,  constructed  an  instrument 
which  entirely  obviated  the  use  of  the 
second  metal,  by  what  he  called  the 
fivnl  viae  telescope.  The  diameter  of 
the  polished  surface  of  the  speculum  of 
his  large  instrument  was  48  inches,  and 
its  focal  distance  40  feet.  This  metal, 
which  weighed  when  taken  from  the 
castmg,  21 18  lb.,  was  placed  at  the  end 
of  an  iron  tube  4  fbet  ID  inches  in  dia- 
meter ;  the  other  end  is  elevated  towards 
the  object^  and  has  attached  to  it  a  unrie 

Se-lens  in  the  focus  of  the  metal ;  Uie 
server  is  mounted  in  a  gallery  move- 
able with  the  instrument,  having  his 
back  to  the  object.  The  light  obtained 
from  so  large  a  surface  by  this  instru- 
ment was  truly  surprising,  and  enabled 
objects  otherwise  mvisibie  to  become 
extremely  interesting.  This  telescope, 
erected  at  Slough,  near  Windsor,  was 
completed  on  the  28th  of  August, 
1789,  and  on  the  same  da^  the  sixth 
■atellite  of  Batum  was  discovered*. 
The  frame  of  this  instrument  having 
greatly  decayed,  it  has  been  taken  down ; 
and  another,  of  20  feet  focus  and  18 
inches  diameter,  erected  in  its  place, 
by  his  son  Mr.  J.  Herschell,  in  1822. 
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Fig.U. 


Hm.  BAMAGB-S  REFLECTING  TELESCOPE,  ERECTED  AT  THE  ROYAL 
OBSERVATORY,  GREENWICH,  IN  THE  YEAR  IBS*. 
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(31.)  Theltu^est  front  vien  reflecting  orflint  glus  and  the  othn  of  crown,  the 

telescope  tX  present  in  this  country,  is  the  red  and  violet  liffht,  caused  by  the 

that  erected  at  the  Rov ol  Obgervatoty,  leneth  or  diameter  of  the  coloured  Image 

at  Greenwich,  hy  Mr.  Runage,  in  1 8Bo.  in  Ihe  flint  will  be  lo  that  produced  by 

The  diameter  of  the  concave  reflector  is  the  crown  lens  as  3  to  2  neark'.    Now, 

IS  inches,  and  its  focus  25  feet;  the  Ifwe make  the  focal len^hsofthe lenses 

mechanical  arrangement  of  the  staiid  is  in  this  proportion,  that  is,  as  3  to  2,  the 

greatly  simplified.    A  perspective  view  colourml  apectruin  produced  ijy  each 

of  the  whole  instrument  is  shown  at  will  be  equal ;  but  if  the  flint  lens  t>e 

Jig.  34,    The  tube    is  composed  of  a  concave  and  the  crown  convex,  when 

twelve-sided  prism  of  deal  f  inch  thick,  placed  in  contact  they  will  mutually 

At  the  mouth  c  is  a  double  cylinder  of  correct  each  other,  and  a  pent»l  of  white 

different  diameters  on  the  same  axis ;  light  refracted  by  the  compound  lens 

around  this  a  cord  is  wound  h*  a  winch,  wouldremaincolourless.  Unfortunately 

and  passes  up  from  the  small  cylinder  In  the  formation  of  such  a  lens,  thedis- 

over  a  pulley  a,  and  down  through  the  persion  of  the  flint  glass  is  so  variable, 

Sulley  b,  on  to  the  Ui^er  cylinder  at  e.  that  trials  on  each  specimen  requfre  10 

low,  when  the  winch  is  turned  to  taiaa  be  made,  before  the  absolute  propor- 

the  telescope,  the  endless  cord  is  un-  tional  dispersion  of  the  substances  can 

wound  from  the  smaller  cylinder,  and  he  ascertained*.    As  the    achromatic 

wound  on  to  the  larger:  the  difference  of  object-glass  is  the  most  delicate  test  oi 

Ihe  site  of  the  two  cylinders  will  be  the  dispersion  of  the  medium,  it  is  best 

double  the  quantity  raittd,  and  a  me-  found  oy  forming  a  piece  of  the  flint 

chanical  force  to  any  extent  may  thus  ^lasstnto  aconcavelens,  andeomblnbg 

be  obtamed  by  duly  proportioning  the  it  with  a  convex  of  crown  glass  whose 

diameters    of   the  two  cylinders ;    by  ftwal  length  is  known,  and  varying  the 

this  contrivance  the  necessity  for  an  curvature  of  the  flintt^  the  dispersions 

Rsaistant  is  superseded.     Ilie  instru-  an  corrected,  i.e.  till  thepuiple or lilao 

tnent,  when  not  in  use,  is  let  down  into  fringe  surrounding  a  white  object  on  k 

the  bok  d  d,  and  covered  with  canvas,  black  ground  is  observed  on  one  nde  of 

to  prevent  dust  or  moisture  bota  tar-  the  focus,  and  a  green  on  the  other, 

nisning  tba  speculum.  when  converted  inui  the  otiject-glass  ol 
a  telescope  and  using  a  powerfiil  eje- 
glass.  Now,  if  the  compound  focus  be 
accurately  measured,  ana  the  focus  of 

CBAmuVn.—T^eorv  o/Jehnmatic  the  convei  lens  known,  the  propor- 

TOtteopet-DmiUs  Otjtet-Qlau.  donate  foci  of  each  maybe  ascertained, 
and,  consequently,  the  proportion  of  their 

(32.)     Having  noticed  an  the  valuable  dispersive  powersis  foutid      This  cor- 

modiflcations  of  the  reflecting  telescope,  ^^'°^  of  V"  ''P"^*^/'"  ^1  ™t  ™"«t 

we  must  now  return  to  the  refractfng  Jh«  7;"  °f  «^'='; f  »1"^'  '^"'^IP^P^- 

one.    The  most  obvious  and  importaS  tionfl  lengths  of  the  blue,  green  or  red 

improvement  in  this  instrument  consists  hghl  are  variable    in    different    snb- 

in  the  fmTnation  of  ol^ect- glasses  free  stances*  r  thus  flifitglass  M  found  tore- 

from  the  errors  of  chromatic  and  sphe-  *■<='  green  hs;ht  considerably  less  than 

rical  aberration,  whence  they  were  deno-  c™""  pass,  in  the  proportion  or_  the 

mmated  achromatic  teles^pes.     But  r*!?!*"*^?" .?'    .u"!?,  "*^  ^°^t 

as  this  word  merely  signifles  freedom  ''Sht:  so  that  when  the  divergency  of 

from  colour,  which  in  common  tele- 

scopes  is  sometimes  effteted  without  a 

correction  of  the  figure  or  spherical  •i.itii  uurMntdtbuiK  iiiniiiicniiiiiiitieh 

aberration,  SlrW.Herschel  has.there-  J^'^ '!Ji^,'"'^"'j^  iSKT^iS^*  tiT"  '^^ 

tore,  very  properly  denominated  a  per-  ^j^ty  rf  pSa^gtni™,  wiiiifbi  ta  Dh  ^I^dou 

feci  telescope  oplanatie,  from  two  Oreek  itam  •hirh  rermeii™  power  ii  itiudtd  with  a 

words  -  mthoul,  wxm^  error,  that  is,  '•^*XS|£S;*p.w,r,ofr«i«.«-.,ri..«i 

mlhout  errort.  •-■■    — ■  - ■• -■  -- 

In(Noteto  24)  it  was  stated,  that  the 
length  of  the  spectrum  produced  bj 
lenses  varied,  when  formed  of  different 
substances :  thus,  if  two  lenses  are 
made  of  the  same  focal  length,  the  one 
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refractionof  the  two  mediums,  is  equal,  '       »           "            ^"^^j      ^ 

the  divergency  of  the  red  Bnd  green  ^^     g        ^■^^         g„,^    jgl^g, 

hKhtisalwaysgreatermthecrownthan  ,_,      j,    n^,          ,(,  „,    jq  g,g 

in  the  flint,  and  the  divergency  of  the  gg      g^       ls.9i(t         ie.358    tS.OIT 

violet  is  always  lesa  in  the  crown  glass*.  43    ig'      is.soa        1B.681    as.369 

Hence  it  must  be  observed,  that  in  eo    is.      ss.seo       sO.S^e    4I.T19 

order  to  have  a  complete  correction  of  120    so.      Ae.iiO       41.71!    B3.4!t 

all  the  colours,  more  than  two  media  -    ,     .,                   ,  .-       ■■ 

m.«t  be  used,  and,  therefore,  the  best  In  th^  computations  it  may  be  re- 

telesoopes  have  their  object- lens  com-  marked  that  the  radius  of  the  antenor 

posed  of  three  kinds  of  glass.     When  wrface  of  the  concave  being  less  than 

the  dispersive  ratio  is  known,  and  the  the  postenor  side  of  the  conveii,  admits 

refractiVT focus  of  the  compound  lens  of  via  approach  without  touching  in  the 

is  given,  the   refractive   focus  of  each  centre,  which  should  always  be  a  neces- 

must  be  calculated,  and  to  obtain  the  "^  practical  condition, 
radius  of  the  tools  for  working  the  lenses, 

their  refractive  foci  must  l>e  converted  „              Tnrr       a  1      f    m  1 

into  the  B.«n,.lric,J  .how.  uit  (U),  Ca j.t..  VIII.- ^;J™a,»  T*™.« 

..hen  tJ  ol,j,«t-gl«.  ™old  b.  oom-  '^  g'-^S,'  SSTrS"?!^ 

p)et.d,  md  4,=  lik  would  not  b,  dif-  W^'iS"'  '*'S  "  wZJ^S 

Loltloperfom;  brtlhe .pheriord.ber-  9f>!^'-.°^~     T^SiSf 

S5r«£frs:„x™u»o"f  g-g^p^.2'.».»r-.«- 

the  ritdii  of  the  two  surface,  ofthe  con-  ^ip«ra-ijt<M. 

'u'*°,"J''"'""fTi"''!l;"">l'"  (M)    The  problem  for  the  choice  or 

.ble«l«.on,,mrfE.fte.perture ofthe  J^,  pnportiSnid  c.mMun  of  the  ». 

Jen.  bong  giveij,  the  rehmcl  .hjm-  „^  J„„,„  ,„,  ;,  „,  ^^  ji„j  ^^^ 

ton  mn,t  be  oelouUte4  wheii  it.  thick-  (^to™„fc  „  uimtting  of  u  M- 

n...  ..  tucertytiedt     And  luUy,  the  ^^  ,„j,„  „,  ,oi„h„„,  °    i,  oonw- 

ooryetoni,  .nd  lh.ckoe.!  of  .  concive  ^„„    of  thi.,  it  Jlow.  m  endles. 

«int  rju»  mu.t  be  found  thelvnj  ex-  Jj,^,^  „,  oon.bin.tion.  of  len«i.,  end 

nctly  telanoe  the  .phoned  ebemt.on.  ,^          ^  j^  j,„  .phericl  .*er. 

prodooed  by  the  convex  glm;  Jw.v,  ^„„,   ft  becoma.  IhetelEre  .  m.tto  of 

teepingthe  60.  ofthe  two  len«»  m  the  „„,ij„bi,  ^,,.1™  ,„  j,  „„  „hoioe 

™V?,f  S'"^"?'''°™r'-      ,  .u  ™»"S  •'■™.  "J  numeron.  con.troo. 

£J0  The  nd..  of  omrture  of  the  u„„t„c  been  cicul.ted  by  different 

diabenl.ortnce.  ofthe  len«i.nec.i...ry  .„^„„      .^^    Clid„„lt,  ,  ftench 

to  form  s  double  oohrom.tio  ob|«ct-  muhemntioien,  hn.  »»«■>  "  con.trao- 

KleM.  when  the  me  of  .no.dence  ..  to  j„  j„  „|j^  ^,  „•  i„^„j  ,^.„, 

""."".I".  "»"'"."  '"  *'  "™"  «'"■  m  worked  of  eqmJ  rmhi,  the  one  con- 

u  1.M8  to  I,  .nd  ,n  IJ.e  ilmt  ..  1.1735  ,„  ^  ^,  „^  „„            ,0  u  to  «1- 

tol .  the  r.t.0  of  Oieu  d.mer..v,  power.  „it  of  being  cemented  together,  and  th.u 

being  a.  1  to  l.StM.uid  aMiuning  the  „oiding tlTe  to.,  of  liglft  by  leHeclion. 

corvature.  of  the  conea.e  a.  1  to  2  are  „  ^  ■%„  .rf.„.T)o,  {...log  em- 

.hown  in  the  following  Tasls.  The  «r.t  ,„^  i„a.„,  „,  di.persion  in  hif  com- 

coluran  F  1.  the  compound  focus  of  the  putltions.  higher  than  what  an.  usuaUy 

object-glass  m  mohes  ■   r  the  redms  of  ^,,  .j^  ilT'p^tioe,  and  when  thoiV 

the  anlcnorsmfaoeof  the  crown  iB  mo.t  likely  to  be  obbuned  am  used,  the 

.Is  postenor  eide ;  r-  the  radio,  ot  the  „^  ^^^    „  ^^  „  ,„  „„j„  U,i, 

.nlonop  suie  of  the  concave  lens    ot  con.tniction    di«cult    to    interpolate. 

«inl  jla«  1  and  Rita  postenor  .nr-  „,,,„  „,,  ^i,,  ■„  „„  ,igebnml;  aikl 

"■  hence  it  must  lose  much  of  its  value  to 
the  practical  uptician. 

(35.)  Another  construction  ha.  lately 
been  proposed  by  Mr.  J.  F.  Herachel, 
in  which  he  sbite.,  that  the  desb^ction 
of  the  spherical  aberration  is  emured. 
not  only  for  parallel  lays  from  celestial 
oiijects,  but  also  for  those  that  diverge 

affiSSioik'iSiyST;''  ■"'"  '■  "  »<"  »l5««t.  .Itoaled  al  «  i»odeta 
r    .,=ji,C.t)t)glc 
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finite  difltance ;  and  on  them  c<mdihot» 
he  has  rendered  the  problem  deter- 
minate, whik  the  radii  resulting  from 
the  eonstnction  are  such  as  will  satis^ 
the  following  more  important  condi- 
tions : — 1  itThe  curratuiea  assigned  to 
eaoh  snr&ce  are  more  moderate  thtui 
in  anT  o\bei  theoretical  combinatioii. 
Sod,  The  exterior  surfaces  of  the  com- 
pomid  lens  yaxj  within  narrow  limits  by 
my  variation  in  either  the  refractira 
or  dispersive  powers  that  generally  occur 
in  practice.  3rd.  That  the  two  interior 
■urfaCBs  approach  in  all  cases  so  near 
to  coincidence,  that  no  sensible  error 
can  arise  from  negleding  their  dif- 
ference ;  finally,  he  states  as  a  theorem, 
whi<^  will  be  Ibund  sufRcienUy  exact  tn 
practice,  that  a  double  oli^ect-^ass 
wiU  t»  fne  from  aberration,  provided 
the  radius  of  the  exterior  surface 
of  the  crown  lens  be  G.720,  and  of 
the  flint  14.20,  the  focal  length  of  the 
comt^ation  being  10,00,  and  the  radii 
of  the  interior  suiiacea  being  computed 
ttfua  these  data  so  as  to  make  the  focal 
leo^s  of  the  two  glasses  in  the  direct 
ratio  of  their  dispersive  powers.  Fig. 
35,  is  a  section  of^this  object-glass,  the 


anterior  glass  A.  or  that  which  n 

the  inddent  lay,  is  an  unequal^  conveic 


Fig.  35. 


lens  of  crown  glass,  the  flatter  ndebdng 

placed  outermost:  the  posterior  glass 
B  is  a  meniscus  of  flint  glaas. 

The  rule  here  stated  is  given  only  as  an 
approximation,  and  will  no  doubt  be  iuf. 
Sciently  exact  for  urdinaiy  practical  pur- 
poses; but  when  object-glasses  of  great 
arwature  and  value  are  to  be  constructed, 
their  radii  must  be  computed  more 
atncUy,  and  for  this  purpose  we  shall 
subjom  Mr,  Herschell'i  Tablb,  calcu- 
lated upon  the  rigorous  formulee  as 
gven  in  ihePhiloiopkical  Traiuactiom 
r  1821  :— 


Dimauiont  o/m  ApUmatic  Double  Object- 6lau. 


J  ^CompOBod  Focal  Lenglb,  10,000. 
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The  dimensions  in  the  tabl«  areeom-  af  the  latter  u  O.tsr.l  or  O.stf  bung 

puted  on  ths  suppoiition  of  the  focal  the  dispermve  ratio. 

len^of  the  object-glaaa  being  ID^  and  l^e  aoinputiitiDn  miut  flrat  ba  mad* 

to  adjuat  them  to  aaf  other  aasi^ed  u  for  an  object-glaas  of  lOlnahufiiraa, 

focal  length,  all  that  u  required  is  to  and  ftrtt,  we  must  determine  tha  foetl 

increase  or  diminish  the  radii  here  set  length  of  the  sepanta  lensM,  to  this  end. 

down  on  the  proportion  of  the  assigned  1.   Subtract  the'dacimal  (O.SSf)  ra- 

focol  length  (m  inches,  feet,  or  puts  of  pressnting  the   dispenive    ratio  from 

any  given  wikle)  to  ten  parts  of  the  l.DOO,  and  the  remainder  multiplied  bf 

same  scale.  10,  is  the  fbcal  length  of  the  erown  leni 

When  the  refiiactive  powen  of  the  (in  thiscase  10  x  0,433,  or4,33o.) 

cwo  media  ars  e^facUy  1.S24  and  l.sas  3.  Divide  unity  by  the  decimal  above 

(which  are  nearly  their  average  values)  mentioned  (0.S67,)  subtract  1,000  from 

respectively,  and  the  dispersive  ratio  is  the  quotient  and  multiply  the  rema^der 

any  one  of  the  number)  in  the  first  tj  10,  and  we  get  the  focal  length  of 

eoliunn,  this  table  gives  at  onoe  the  the  flint  lens.    In  this  case  before  as 

exact  values  of  the  radii  required  i  but  !           ,  .„,       .  „  .,„       .        .    _ 

when  this   is  not  the  «ul^  we  must  oljsf  =  1.763S  and  0.7635x10=  r.635 

proceed  as  foUows ;— Suppose  (for  ex-  jg  the  focal  length  required.    We  most 

ample'e  sake)  we  would  find  the  proper  next  determine  by  the  table*  the  radii 

radii  fbr  the  surface  of  an  otject-g^  of  the  1st  and  4th  surfaces  for  the  die. 

of  30  inohesfbcal length:  thereft*otiv9  persive ratios  their  set  down,  (D.iS  and 

index  of  the  crown  lens  being  1.919,  o.eo),  next  fe(«  and  nert  greater  than 

and  that  of  the  flint  1.(189,  the  diaper-  the  given  one.    For  this  purpoM  wn 

■ive  power  of  the  former  being  to  that  have 

Refractive  powns  given  1,S1B  and  l.b89 
Ditto  ditto  in  the  table  U84  and  1.588 
DifTerencea  —  0.005  and  +  0.004 

The  given  re&mstion    of    the   erown  to  0,99  in  theSrstoolnmn  fortbevaiia* 

being   less  and  the  flint  greater,  than  tioni  in  the  two  radii  corresponding  to 

their  average  value  on  wtuch  the  table  achar^  of  +  0,010  in  each  of  tha  two 

is  founded.    Looking  out  now  opposite  lefraotion*,  we  find  as  follows  :— 

litnrfK*    Ilk  nriut. 

For  a  charga  ^  +  o.OioiD«rown-f  o.0740  f  1,0080 
Ditto    ditto     ■=  +  e.OlO   In  flint  -  0.0011  -  0.5033 

But  (he  actnal  vsiiation  in  the  crown  these,  changing  the  sign  in  the  oaw  of 
instead  of  +  O.Olo,  being  —  0.005,  we  tha  crown:  Thus  we  And  the  variations 
muat  take  the   proportional  parts  of    ofthefint  andlastraditto  be  i — 

litnrfmei.  4thiiiri)>M, 

For  —  0.005  variation  in  crown  —  0.0370  —  0.S040 
For  +  0.004  ditto  inflmt  -_ft0004  -  o.20io 
Total  variation  ttom  twth  caiuea  —  0.0371  and  —  0.7053 
But  the  radii  given  in  the  table  are  +  6.7184  and  +  14,5353 
Hence  the  radii  inl^pQlated  are,  e,68I0   and   13.8300 

If  we  interpolate  (by  a  process  exaeflj  similar)  the  same  two  radii  for  a  dla- 
penive  ratio  0.60,  we  shall  find  req»eatively : — 

bt  ■■rfkae.  Ilk  nrboiL 

For  -  0.005  variation  in  crown  -  0.0333  and  —  0.1924 

For  +  0.004  ditto      in  flint  4-  0.0015         -  3.2264 

Total  variation  —  0.0333  and  -  0.7788 

Radii  in  the  table  6.7069  14.893? 

Interpolated  radii  6.G746   and    13.5 14 § 
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Havli^  thus  got  the  radii  oorraspond-  remains  to  detaniine  their  Taluei  fbr 
)ng  to  the  actual  refractions,  far  the  two  the  intermediate  ratio  0.167  hy  propor- 
disoersive  ratio*  0.iS  and  0.60,  it  onlj    tional  parts  thus : — 

lit  rvtiu.  4tl>  niim. 

For         0.600  6.6746  13.9149  , 

For         0.550  6.6810  I3.B300 

Diff.  +  O.OSO       -0.0064  -OJlsT 

Wetheniay  as  0.090  :  0.SS7-O.3S0    nillcotne  out,  S.3S6S.     Again  in  Uie 
=  0.017::~0.0064  :  —0.0022  and  .Oao    flint  lens  we  have  for  the 
:.OI7::-0.315I   :   -0.1071,  10  that         FocallnnMh  =     7  fitr.  \ 

...810-.0.00!,  ,rf.3.83a;-o.i.r,i      SSTfJ«m,A«=  ifaU] 

■irl.(178»«idl3.m9u.th.tr«e,«i„  Mexotn*ution       -    1.J89) 

comapondiiu;  to  the  given  del. :  ,.„               „    , 

_.        ^     .   ,.             ,  Whence  we  find  3.3871  for  the  wd  in 

Thus  we  hi»e  in  the  crown  l.nj;-  of  tlie  other  raifece. 

Index  otHefrnoton      =  l.SHO)  ^  ^,^  them  tor  30  inche.we  h.v. 

From  which  data  It  is  easy  to  oom-  only  to  multiply  them  by  3,  end  we 

pute,  by  rules  fomiliar  to  eveiy  optician,  obtain  finally.    In  the  case  propoMdi 

the  radius  of  the  other  surface,  which  the 


80  that  here  the  radii  of  the  two  ad'  isine  as  in  the  double  achromatic  oMect- 

jacent  aur&ces    scarcely    differ  more  glass,  and  the  ccmpound  focus  of  the 

than  TiVith  of  an  inch,   and  may  of  lens  is  30  inches,  the  rftdii  of  the  first 

course  be  cemented  together,  should  it  convex 

be  thourfit  desirable.  ...  .            rr  ■«  B1.35. 

(36.)  The  triple  ol^'ect-glass  is  con.  f^  oe         ^^  ^  ^^^ 

etnicted  in  the  same  manner  as  the  rr'  =  13  9 

double,  but    as  we  have  two  convex  of  the  concave  <^-  ,,'g 

lenses  to  produce  the  required  refrac-  ^      ~      '  ' 

tion,  the  total  spherical  sljerration  will  second  convex     <^>Z  Tit" 

belesa  in  ati^e  lens  than  in  a  double  '■"■  ~  '^^^''• 

one,  and,  thwMore,  te^iuies  leas  correc-  (37.)  The  largest  triple  achromatfe 

tioQ  by  the  flint ;  whue  tiie  secondary  te>eBcope  ever  constructed,  has  lately 

■pectrum  may  be  greatly  diminished  by  been  erected  in  the  observatory  of  the 

making  one  oonvex  lens  of  crown,  and  imperial  university  at  Dorpat,  on  the 

the  other  of  Bohemia,  or  Dutch  plate  lOIh  of  November,  1824,  and  was  mad* 

gUss.    The  theorems  for  finding  the  by  Fraunhofer,  the  late  director  of  Uie 

|>rop<nlionaU  &xa  of  the  two  lenses  are  Optical   Institute,  at   Benedictbauem, 

indeterminate;  rDrtheoretically,itis  im-  near  Munich. 

material  whether  thor  fbci  be  equal,  or  The  concave  is  formed  from  a  piece 

in  any  otbo*  proportion,  provided  the  of  dense  flint  glass  made  by  Guinuid, 

OonqjKMuid  lens  be  in  the  ratio  of  the  and  has  a  greaur  disper^ve  power  ftan 

dispornOB  of  the  flint    Again,  the  radii  any   obtained   t>efore.      It  is  perfectly 

of  the  ooneave  may  be  varied   to   any  free  from  veins ;    and  the  diameter  of 

conveuent  ourvatore,  as  there  are  two  the  object^laas  exceeds  that  of  any 

oonvoc  lenaes,  and,  therefore,  the  aber-  other  telescope,  having  a  clear  qierture 

ration  cannot  be  greater  than  the  con-  uf  9,^  inches,  and  a  meal  diataaoe  of 

vex  lenses  will  correot*.     When  the  2S  feet.    This  instrument  is  mounted  on 

radius  of  each  surface  is  equal,  and  the  a  metal  stand,  and  although  of  the  im- 

nUioof  dispcaaion  and  refraction  is  the  mense  weight  of  9000  Russian  pounds. 


is  moveable  in  every  direction  with  the 
I  ■  inUt  MfcwMiit  etfHi  |bu,  Ot  toatn  slightest  exertion,  all  the  moveable  parts 
»u  h.  ■_>mi4  imLu  tk.  lilt  ni.kt  be     being  balanced  by  counter- wei^ts.    It 

has  4  eye-glanes,  the  loweet  miigiiifying 
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173  times,  ttnd  the  higfiest  700  times: 
the  cost  of  this  instrument  was  1300^. 
sterling.  Another  telescope  has  lately 
been  made  of  similar  materials  in  Eng- 
iBxiii  by  Mr.  TuUey ;  the  aperture  of  the 
ol^ect-glass  is  6,%,  and  its  focal  length 
is  12  feet.  This  instrument  is  now  in 
the  possession  of  Dr.  Pearson-* 

<3e.>  The  Galilean  telescope  was  in- 
vented in  IS90,  by  the  illustrious  person 
from  whom  it  derived  its  name ;  taut  as  it 
is  susceptible  of  Uttie  improvement  from 
the  nature  of  its  construction,  it  is  sel- 
dom usnl  except  for  opera  glasses,  in 
which  the  shortness  of  the  conshruction 
renders  it  available.  It  consists  of  a.  sin- 
gle convex  or  achromatic  object-glass, 
whose  focal  length  is  usually  &om  4  to 
8  iiwbes^  which  it  rarely  exceeds.  The 
eye  glass  is  a  double  or  plano-concave 
kns  from  )  an  inch  to  2  inches  focus ; 
ttte  distance  between  the  two  glasses 
is  equal  to  the  difference  of  their  focal 
len(^,  and  the  power  is  in  the  ratio  of 
theji  foci,  as  in  the  astronomical  tele- 
Bcui)e.    ^.  26  is  a  section  of  the  GaU- 


lean  constraction  for  an  opcm-glass. 
Let  0  be  the  object-glass  of  6  inches 
focus,  E  the  concave  eye-riass  2  inches 
focus;  the  distance  O  E  will  be  4 
inches,  and  the  power  will  be  expressed 
by  6  inches  divided  by  2  inches,  equal 
to  3  times.  The  distinctness  of  the  Ga- 
lilean construction  exceeds  that  of  any 
other,  and  arises  from  the  rays  of  light 
proceeding  from  the  object  dijtcUy 
through  the  lenses  without  crossing  or 
intersecting  each  othtr ;  whereas,  in 
the  combination  of  convex  g^ses,  th^ 
intersect  one  another  to  form  an  image 
in  the  focus  of  the  object-glass ;  and 
this  image  is  maguilied  by  the  eye-lens 
with  its  imperfeclions  and  distortions. 
With  a  power  of  8  and  a  12  or  I6-incli 
otject-glass,  the  satellites  of  Jujiiter 
have  been  distinctly  observed ;  while  a 
common  astronomical  telescope  of  4  or 
.*<  feet  focal  length  has  scarcely  rendered 
them  visible.  The  area  or  field  of  view 
in  this  instrument  is  very  limited,  and, 
on  that  account,  it  cannot  be  used  for 
high  powers,  as  the  objects  seen  at  one 


vievc  are  always  as  the  area  of  the  pupil 
of  the  eye,  and  not  as  the  area  of  the 
eye  glass,  as  in  convnx  lenses.  Thus,  if 
u6  {Jig.  20.)  is  larger  than  the  uupil  of 
the  eye  they  will  not  be  seen,  although 
refracted  by  the  lens  E ;  but  it  should 
\k  remembered,  that  as  the  rays,  when 
they  have  passed  tlirough  the  eye-ji^lass, 
are  not  converged  tc  a  focus,  llie  nearer 
the  eye  is  pluceJ  to  the  lens  E,  the  more 
numerous  will  be  the  objects  seen  at  one 

(39.)  The  construction  of  opera- 
glasses  might  be  achromatic,  when 
made  with  only  two  lenses,  provided  the 
focal  length  o'f  the  object  and  eye-lens 
are  in  the  ratio  of  the  dispersive  and 
refractive  powers  of  the  media  from 
which  they  are  formed.  Tlius,  if  an 
object  lens  be  made  of  rock-crystal, 
whose  focal  distance  is  5,  and  the  eye- 


lens  be  formed  of  oil  of  cassia,  fixed 
between  two  jiandlel  [lieces  of  glass,  or 
other  convenient  substance  so  curved 
as  to  ^ve  a  focus  of  1.02.  the  combina- 
tion will  be  achromatic,  with  an  amply- 
()'ing  power  of  4,1,  times.  If  the  con- 
cave lens  had  Iteen  fonned  of  flint-glass, 
with  the  same  object  tens,  a  magnifying 
power  of  two  might  be  obtained,  and 
the  combination  would  be  free  from  all 
colour.  If  oil  of  aniseed  were  used  for 
the  concave,  the  power  obtwned  to  make 
the  instiiiment  achromatic  would  be 
2.82  times'. 

The  following  Tabi.b  exhibits  the 
refractive  and  dispersive  powers  of  dififa- 
rent  substances  capable  of  producing 
achromatic  combinations ;  ana  it  should 
be  remarked,  that  the  medium  used  for 
the  eye-lens  must  have  the  greatest  dis- 
persive power:— 
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CrownGlaM ).SS4 

PIsleGbsa    1.5ST 

Water   I.SS6 

Akohol 1.874 

^alphuncAcid 1.440 

Oil  of  Ambergrti 1.368 

RockCnUal     I.6GS 

Topai   .' 1.S38 

Diamond S.4T0 


Chai^brIX. — Dr.Bretesler'iTeletcopt  and  noting  the  difitrence  of  the  quan- 
jfnr  meaturitig  Dittance*  —  Dovble  lity  required  to  be  drawn  out  or  pushed 
Image  Telescnp&^Graphic -Telescope  in  ti>  obtain  a  distinct  viaon;  and  when 
— /^hromaiie  Eye-Piecee.  the  lime  between  each  observation  is 
known,  the  rate  of  the  vessels  lailing 
(40.)  A  telescope  for  meainring  the  may  be  ascertained, 
distancesof  objects  waa  inventedlSy  Dr.  (4i.)  Another  instrument,  nearlj  for 
Brewster,  for  which  he  obtained  a  pa-  the  same  purpose  as  the  one  just  de- 
tent m  1810.  When  describingihe  tele-  scribed,  but  possessing  more  accuracy 
scope /^«.  li  and  16,  it  was  stated,  that  for  measuring  angles  and  distances,  was 
as  the  object  approached  the  instru-  constructed  by  the  Abb£  Rochon.  This 
ment,  the  eye-tube  required  to  be  drawn  instrument  is  the  ordinary  telescope, 
out  to  adjust  the  inalntment  for  distinct  with  a  double  retracting  pnam  of  rock- 
vision:  now  the  measure  of  the  quantity  crystal,  placed  beforeihe  eye-glass;  this 
required  to  be  drawn  out,  if  registered  pnsm  producestwo  imagesoFan  object, 
on  the  sliding  tube  by  divisions,  and  by  a  These  images  may  t>e  made  to  approach 
corresponding  mark  on  the  outer  tube,  to  or  recede  from  one  another  by  alter- 
would  delennme  the  distances  of  the  ob-  ing  the  distance  of  the  prism  from  the 
jects.  The  increase  of  the  focal  length  eye-glass ;  but  the  object  is  better 
of  the  object-glaas  may  be  found  by  effected  by  a  method  proposed  by  Dr. 
dividing  the  square  of  the  focul  lengtn  Brewster,  in  which  the  first  glass  of 
of  the  object-glass  by  the  distance  of  the  telescope,  together  with  the  prism, 
the  object,  minus  the  focus  of  the  ob-  which  may  be  cemented  to  it,  is  made 
jecl.lens :  thus,  if  the  focus  of  the  ob-  to  slide  to  or  from  the  other  glasses  of 
jcct-lens  ia  2  feet,  and  the  distance  of  the  eye-piece,  and  the  quantity  moved  ii 
the  object  iO  feet,  the  tutte  must  he  registered   by    divisions  on  the  tube. 

,_           1      2'      „ ,  .    .    . ,.  This  variable  eye-piece,  which  changes 

**"'™  ""*  50^2  ^  '  «"*  ^^  ^^^  the  power  of  the  telescope,  is  so  Id- 
solar  focus,  to  adjust  tor  distinct  vi-  justed,  that  the  two  images  of  the  object 
rion  of  the  object ;  but  the  ■  length  of  shall  be  in  accurate  contact ;  when  this 
these  divisions  would  be  in  a  decreasing  is  done,  if  an  observalion  is  made  to  find 
ratio,  and  the  quanUty  is  almost  iraper-  the  angle,  the  index,  by  previous  expe- 
ceptible  for  great  distances:  thus,  if  two  riment,  will  give  it;  but  when  it  is  desi- 
objecta  be  100  feet  wart,  and  the  near-  red  to  know  the  tale  of  motion  of  the 
tat  200  feet  from  the  observer,  the  dif-  object,  another  observation  must  be 
ference  of  adjustment  tor  these  two  ob-  made  at  a  determinate  interval,  and  the 
jects  would  be  only  ,S,  of  an  inch.  In  the  difference  of  adjustment  required  in  the 
patent  construction  this  quantity  maybe  two  observations  to  bring  the  images  in 
mcreased  to  almost  any  required  length,  contact  will  determine  its  distance,  the 
by  means  of  two  ofcnect-glasses  ;  the  ssale  being  previously  ascertained  by  ex- 
inner  one  is  about  i  at  the  focal  length  periment  or  calculation.  The  im^-feet 
of  the  principal  lens,  and  being  fixed  to  ciystaHizationofquarti.andthedifficulty 
the  eye-tube  slides  along  with  the  eye-  ot  working  it,  led  Dr.  Brewster  to  adopt 
piece.  This  instrument  has  been  found  the  colmirien  tiasax  of  Nm  Holitmd  to 
useful  at  sea  in  determining  tile  distance  form  his  double- refracting  piisms,  it 
of  head-lands,  and  in  war,  when  an  being  much  freer  from  veins  and  imper- 
enemy's  ship  is  gwning  sail ;  this  is  de-  fections,  besides  possessing  the  advan- 
temuned  by  taking  two  observations,  tage  of  a  lower  dispersive  power.    In 
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certain  seotiona  or  the  CTvital,  when  me  fluor-spar,  one  imaeebdng  Moibj'IuUt 
Inquire  only  a  very  anuUl  reparation  of  of  the  pupil  througn  the  parallel  jdafe, 
the  images,  we  may  preserve,  on  both  and  the  oth«'  through  the  indined  face, 
lides,  the  natural  surface  of  the  cleav-  Fluor-spar  is  recoDuneoded  beratue  of 
age.  The  other  meani  of  procuring  a  iti  produaing  a  less  diipersion  under  « 
iliiuble  imftffe  proposed  by  Dr.  Breirster,  given  angle  than  any  otner  aubstaiMe ; 
we  shall  subjoin,  as  bein^  nell  worthy  and  even  this  might  oe  removed  l^  the 
consideration  (brmicroinefical  purposes,  ordinary  means. 
1.  Die  double  image  may  be  produced  (43.)  The  graphic  telescope  is  em- 
bv  ft  small  bisected  plane  speculum,  ployed  for  the  delineation  of  objects 
placed  between  the  eye- lens  and  the  eye,  situated  at  ajw  distance  from  the  in- 
and  one  of  the  halves  may  be  made  to  stmment,  whitui  may  be  represented  of 
move  by  a  screw,  not  for  the  purpose  of  any  required  size ;  and  is  used  for  draw- 
bringing  the  images  in  contact,  but  in  ing  portraits,  landscapes,  and  architec- 
order  to  vary  the  coofilant  angle,  ac-  turcd  subjects.  It  was  invented  ia  IBII, 
cording  as  it  is  wanted,  for  large  or  by  Mr.  C.  Varley,  who  obtained  a  patent 
small  discs.  8.  The  duplicature  of  Uie  for  it  This  instrument  consists  of  an 
imaee  may  be  effected  by  bisectiog  the  astronomical  leleaoope '  of  low  powO', 
eye-Tens,  or  by  placing  a  bisected  lens  placed  between  two  plane  reflecting 
between  the  eye-leas  and  the  eye.  3.  specula,  with  a  particular  construction 
The  two  images  may  be  formed  by  a  of  the  eye-piece  to  correct  the  distortion 
slighTly-inolinea  taae,  ground  upon  a  of  the  image  produced  by  the  eye-gU«s, 
highly- polialied  and    parallel  plate  of  Fig.  37,  is  a  eeclion  of  tha  instrument. 


O  is  the  object  glass,  E  the  m-^ass,  may  be  traced  with  one  or  both  eyes,  BJid 

and    F  F  two  meniscus  fldd-glasses,  the  size  of  the  image  may  be  varied  by 

whose  form  and  distance  from  the  eye-  altering  the  distance  of  the  paper  froia 

glass  are  so  adjusted  as  to  produce  a  flat  the  speculum,  or  bj-  changini;  the  mag- 

and  enlarged  neld  of  view.     The  rays  of  nifyingpower  of  the  instrument     If  the 

light   proceeding   from  an  object  enter  first   speculum  *   be  taken   away,  the 

the  siat!  of  the  tube,  and  impinge  upon  sides  of  the  objects  are  reversed  (as  on 

the  flat  speculum  s,  placed  at  an  angle  an  en^aved   cupper-plate,)  the  specu- 

of4&°with  the   axis   of  the  telescope,  turn  r  ibrms  the  miage  erect,  which  was 

SM  is  shown  in  section  at  A ;  the  rays  inverted  by  the  eye-glass  G,  and  pre* 

will  be  reflected  by  this  speculum  along  vents  the  teleecope  from  intertxpting  « 

the  axis  and  through  the  object-gltus  O,  view  of  the  paper.* 
and  are  converged  to  afocus  nearthe field 

lens  F,  where  an  inverted  image  of  the    — _- 

object  will  be  formed  and  maybe  received 

by  the  eye-glass  E;  lastly,  they  will  '*TiKiB™iiorofttitiii»to»BMBtliM,»piej^it 

strike  the  other  inclined  flat  reflector,  and  ;;Z,"lX'iiI5<!Srf  wSb  S,.''iim  SlZ'^J 

be  reflected  up  to  the  eye  placed  above  crFstTsii»aaHeHata(ikuri«Bruy;hiUa>i» 

at  a.     When  ft  piece  of  paper  isplaced  ''*'l»'n'^'i''"™'™'™>"nieTmMrTmiTi™«« 

below  the  speculum  r,  the  observer  being  Noiiiogtun.kin.   in  drminaf  Mf^mg  ud  boutlt 

■upposed  to  look  down  on  the  specu-  i>  •iiimIt  ™iii«i).l*  »•  iba  noiu«      ■- —  ■-  ■"■- 

lum,  keeping  both  eyes  open,  he  wUl  be  g^i**  wr^VS^InSSBTA; 

able  to  see  an  image  of  the  object  on  the    wu  a*  om  tnpkir?!  i>  ■■kiiv , - — 

paper  whai  the  instrument  is  adjusted  SJTh?.15;;Hti°^„?',rtrt,k°.'l,it'i.'^i.°'fl^B£l!SJii 

to  Its  proper  focus.    This  representation  piS^wS^oii^bi;i!Sil?lZ^Sl2 
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(43.)    Tlie  achromatie   or  negative  Iheobject-glasi  ( 

^- piece  generaUy  iidapt«d  to  ftstrono-  ohromalio  dispersion,  and'S  the  eye- 

mical  telescopea,  is  a  combination  of  glass ;  let  F  be  the  foous  of  tfae  obgect- 

lenses  intended  to  correct  the  dispersion  glais'O,   vhere   on  inveried   image   'i» 

produced  by  the  eye-glass,  independent  formed.    Now  the  pencil  of  white  light 

of  the  ot:>)eet  leas.    LetO.^.as.be  A  a  d,  nhen  trannmtted  by  the  lena  B, 


Klass  will  be  Jj  of  a  6  R.  The  rayi 
Bad  passing  through  a  part  of  the  lens 
whose  surfaces  are  less  mclined  to  each 
other,  will  be  lavs  refracted  and  less 
disrarsed  in  the  same  proportion  nearly, 
ana  d  I  will  be  the  path  of  the  red  rays, 
and  dv  of  the  violet ;  therefore,  the  two 
Tiolet  rays  will  be  very  nearly  parallel 


when  the  two  red  raya  are  rendered 
paralleL  Hence  it  must  happen,  as 
coloured  rays  do  not  unite  at  the  bottom 
of  the  eye,  that  the  object  wiU  appear 
bordered  with  coloured  tringea,  and  a. 
black  line  seen  near  the  margin  on  a 
white  ground  will  have  a  ruddy  and 
orange  border  on  the  outside,  and  & 
blue  border  within,  and  this  oonfusion 
will  increase  nearly  in  the  same  pro- 
portion as  the  Tisual  angle  blc. 


(44.)  Fig.  29,  is  a  section  of  the 
adiromatic  eye-piece.  Let  A  B  be  a 
Gomponnded  pencil  of  white  light  pro- 
ceeding from  the  object  ^lass,  B  F  a 
plano-convex  field  glass,  with  the  plane 
side  next  the  eye-glass  E.  Now  the 
red  rays  of  the  peneil  A  B  after  refrac- 
tion would  cross  the  axis  in  R,  and  the 
violet  rays  in  V,  but  meeting  the  eye- 
elass  G,  the  red  rays  will  be  retk^eted 
ber,  and  the  violet  to  c  v,  when  they 
will  cross  one  another,  in  the  avis  at 
the  point  0  and  unite ;  for  the  violet  rav 
being  nearer  the  axis  of  the  lens  E, 
will  suS^  less  refraction  than  the  red, 
and  when  the  eye  is  placed  in  the  axis 
ate,  the  otject  will  ^pear  colourieM. 
The  distanoe  of  the  two  lenses  F£,  to 
produce  this  conreclioi^  when  made  of 


crown  glass,  whosedispersion  is  as  77  to 
78,  when  Ihe  incidence  is  SO,  must  be 
equal  to  half  the  sum  of  their  focal  dis- 
tances nearly ;  or,  more  exactly,  the 
distance  between  the  two  lenses  must 
be  equal  to  half  the  sum  of  the  focal 
di.stance  of  the  eye-glass,  and  the  dis- 
tance at  which  the  field-glass  would 
form  an  ima^  of  the  ol:^e(^-gtass;  for 
the  point  R  is  the  toous  to  wnich  a  ray 
coming  fVom  the  centre  of  the  object- 
glass  is  refracted  b</  the  field-glass,  con- 
sequently, this  distance  must  be  voritd 
according  to  the  distance  of  the  objects, 
and  also,  at  the  length  of  the  ubjtAt- 
glftss  ;  for  the  same  combination  will 
not  be  correct  for  a  long  and  a  short 
object-glosB,  nor  for  oelestial  and  ter- 
reVrial  obararratioof ;  ftq:,  when  it  a 
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somct  for  one  cue,  and  the  distance 
of  the  image  or  focal  point  U  varied, 


much  or  too  little  corrected.  The  pro- 
portion of  the  foci  of  these  two  lenses 
should  be  as  2  to  3,  to  produce  the 
largest  field  and  the  least  distortion. 

(45.)  The  eye-pieces  employed  to 
produce  an  erect  image  for  terrestrial 
telescopes  admit  of  numerous  arrange- 
ments; the  simplest  was  shonn  in  jV-l6i 
composed  of  three  similar  lenses  placed 
at  equal  distances ;  but  as  there  is  no 
field-lens  in  this  construction,  the  view 


is  limited,  thougb  the  chromatic  dis- 
persion is  in  part  corrected  bv  the 
middle  lens,  and  may  be  tota]^  de- 
stroyed by  using  an  eye-glass  of  shorter 
focu  length  than  the  ot£er  two,  and  at 
a  less  dirtance  from  the  middle  glass. 
Another  combination  may  be  produced 
by  two  glasses  so  placed  that  the  lens 
which  receives  the  inverted  image 
formed  by  the  object-glass  shaU  form 
an  image  on  the  other  side,  inverted 
with  respect  to  the  first,  but  erect  with 
the  object,  and  thiijimace  may  tie  viewed 
with  an  eye-glass.  This  construction 
b  shown  in  fig,  30.    Let  t  be  the  in- 


verted image  formed  by  the  object-glass, 
o  a  a  pencil  of  light  from  the  centre  of 
the  object-glass  falling  on  the  lens  A  ; 
Ihis  pencil  will  be  dispersed  after  re- 
fl-action,  and  a  r  will  iw  the  path  of  the 
red  rays,  and  a  f  of  the  violet ;  at  the 
focal  point  »  an  erect  image  will  be 
formed,  and  may  be  viewed  by  the  tens 
E.  Now  the  red  rays  at  r  falling  on 
this  lens  will  be  less  refracted  than  the 
violet  at  t>,  and  will  cross  the  axis  in  R, 
while  the  violet  f  crosses  the  axis 
at  V ;  hence  the  dispersion  will  l)e 
greatly  increased  both  by  reason  of  the 
spherical  aberration,  and  their  greater 
refrangibility,  so  that  objecta  seen 
throu^  this    eye-piece  will  be  more 


fKnged  with  colours  than  in  any  other 
construction. 

(46.)  The  last  construction  might 
be  improved  bv  using  two  lenses  dis- 
posed m  a  similBT  manner  to  the  nega- 
tive eve-piece  (44,)  instead  of  the  lens 
£.  These  would  enlarge  llie  field  and 
correct  the  dispersioti ;  but  aa  the  sphe- 
rical aberralion  is  very  great,  two  lensea 
should  be  used  in  place  of  the  lens 
A,  in  order  to  make  the  combination 
complete  ;  thus  a  four-glass  eye-piece 
would  be  formed  that  is  perfectly  cor- 
rected, if  duly  proportioned  distances 
and  foci  are  used,  lliis  is  accomplished 
in  the  follovring  combination  (^.31.) 
where  the  lenses  are  in  the  order  of  the 


letters  A  B  C  D  beginning  with  the 
lens  next  the  object-^ss,  and  the  dis- 
tances, &c.  of  each  lens  are  as  follows  : 
focal  lengUi  of  A=li=  B  =  21,  C  -  2 
aiidD=  11,  and  their  distances  AB=2i, 
B  U  =  3|,  C  D  =  2|.  This  eye-piece  will 
be  nearly  free  from  chromatic  tuspersion 
and  aberration.  In  a  very  good  eye- 
piece of  Ramsden's,  the  focal  lengtha 
we«fbundtobeofA=.07r5,B=1.025. 
G=l.(>t.D=J9i  the  distsDcesAB- 


1.18,  BC  =  1.63,  CD  •=  1.105.  Stops 
should  be  placed  l>etween  the  lensea 
A  and  6,  and  a  larger  one  between  C 
and  B  •,  these  stops  are  to  prevent  any 
false  light  from  ^sing  through  the 
lenses  to  the  eye.  The  more  black  stops 
there  are  introduced  into  a  telescope, 
provided  they  do  not  hinder  the  pencda 
of-  light  proceeding  from  the  object,  the 
better  wul  the  iustrunwDt  perform. 
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(4?.)  The  brightness  of  any  object  from  vibration.  To  effect  this,  (he 
■een  throuf^h  a  telescope,  in  companaon  instrument  shonld  be  supported  at 
with  its  bnghtness  when  seen  by  the  both  ends,  to  give  steadiness,  and  to 
naked  eye,  may,  in  all  cases  lie  easily  ^vent  its  being  affected  by  the  wind ; 
found  by  the  following  formula.  Let  n  tor  every  vibration  will  be  increased  in 
represent  the  natural  distance  of  a  visi-  the  same  ratio  as  the  amplification  of 
ble  object  at  which  it  can  be  distinctly  the  instrument,  and  produce  a  tremn- 
teen,  and  let  d  represent  its  distance  lous  or  dancifig  mobon  in  the  objects. 
iWim  the  object-glass  of  the  instrument.  Thus  a  superior  telescope  badly  sup- 
Let  m  be  the  magnifying  power  of  the  ported  maybe  rendered  inferior  to  a 
instrument,  that  is,  let  Uie  visual  angle  common  one  fixed  on  an  immoveable 
nibtended  at  the  eye  hy  the  object  when  stand.  The  materials  of  which  stands 
tX  the  (Ustance  n,  and  viewed  without  are  composed  should  be  citable  of 
the  instrument,  be  to  the  visual  angle  transmitting  as  little  vibration  as  poa- 
nroduced  by  the  instrument,  as  1  to  rn.  sible ;  thus,  the  vibration  of  a,  &r&me  of 
Let  a  be  Uie  diameter  of  the  object-  cast  iron  in  one  piece,  although  per- 
glass,  and  p  be  that  of  the  pupil.  Let  fecOy  steady,  would  be  sufBcient  to  de- 
Sie  instrument  be  so  constructed  that  stroy  distinct  vwion.  Wooden  stands 
no  parts  of  the  pencils  are  intercepted  are  preferabie,  provided  firm  diagonal 
for  want  of  suf&cient  apertures  of  the  braces  are  used,  so  as  to  form  immove- 
intermediate  glasses.  haaOy,  let  the  able  triangular  frames.  Where  iron  is 
light  lost  in  reflection  or  retraction  be  required  for  durability,  plates  of  lead 
HM^ecled.  ahould  be  screwed  between  each  piece  to 
The  brightness  of  vision  through  the  stop  the  vibrations.  In  reflecting  tele- 
instrument  will  be  expressed  by  the  tropes  the  difficulty  ofpreventing  vibra- 
«_»i:»  /  "'•  \  *  (I,- I— :  j,i„„  „f  tionsgreatlyimpairstheirvalue;  forthe 
i^fd)  ">« ''^'"ess  Of  na-  „,etal1,  particularly  the  small  one,  are 
tural  vision  being  1.  But  although  tliis  easilyset  in  vibration,  and  unless  the  ami 
fraction  may  exceed  unity,  the  vision  of  the  small  metal  is  damped,  the  vision 
through  the  instrument  wiU  not  be  is  frequently  indistinot.  When  a  Gre^- 
tnighter  than  natural  vision.  For  when  "•""  telescope  has  been  taken  from  ita 
this  is  the  caae,  the  pupil  does  not  re-  stand,  and  placed  on  a  lump  of  soft 
ottve  all  the  light  transmitted  throuf^  clay,  me  distinctness  has  been  such  as 
the  instrument  ^°  enable  a  person  to  read  a  bill  placed 
In  microscopes,  n  is  the  nearest  limits  *t  900  ft*t ;  while  on  the  stand  it  could 
of  distinct  viswn  nearly  eight  inches  ;  be  read  only  at  the  distance  of  650  feet, 
but  a  difference  in  this  circumstance,  although  no  apparent  tremor  could  be 
•rising  from  a  difference  in  the  eye,  discerned  when  on  the  stand, 
makes  no  change  in  the  formula,  be-  HS.)  Specula.— A.  good  coinposi- 
ctuse  m  changes  in  the  same  proportion  tion  for  the  specula  of  reflMtors  is  one- 
^^(j,  J,  of  the  most  important  desiderata  m  the 
In  telescopes  B  iind  d  may  be  ac-  mating  of  telescopes.  The  qualities  most 
counted  equal,  and  the  formula  be-  »n  reauesl  are,  a  sound  uniform  metal, 
at  «  free  from  all  microscopic  pores ;  not 
**""*"  ^^"  liable  to  tarnish  by  absorption  ofmois- 
"  ture  from  the  atmosphere  ;  not  so  hard 
ChaptbkX— StanA  ftr  TeUtcopet—  astobeincapableoftakingagoodfigure 
MeUmdqfmakwg  Qrinding  and  Po-  Kid  exquisite  plish,  or  so  soil  as  to 
Uihime  Specula  and  Len*e»— Method  be  easily  scratched  ;  and  possessii^  a 
ofcmtmngandai^utiingLeMt).  hi^reflective power.  Thevanousc;^- 
,  -o  — »  -a  pcsitions  employed  for  specula  diffisr 
<48.)  To  describe  the  numerous  va-  more  in  the  admixture  of  minor  inj^e- 
rieties  of  stands  or  supports  for  tele-  dients  than  in  their  essential  materials, 
■copes  would  be  both  prolix  and  tri-  Copper  and  tin  (bronie  metal)  are  the 
fling,  as  different  artists  generally  adopt  metals  mostly  employed,  with  small 
■uch  contrivances  as  they  think  most  quantities  of  arsenic,  silver,  and  brass, 
likely  to  please  the  &ncy  of  the  pur-  The  proportions  generally  empl<^ed  are, 
chaser;  but  the  chief  consideration  in  eopper  32  parts,  grain  tm  IS,  with  tha 
ft  scientific  point  of  view  is,  to  ol>tain  addition  of  two  parts  of  arsenic  to  ren- 
ft  steady  and  immoveable  stand  fi^  der  it  more  white  and  compact  The 
-r-r— —  Rev.  Mr.  Edwards,  in  « treatise  annexed 
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to  the NautioalAlniBiiacfor  1787*,  says  is  uned  in  the  same  waj',  till  th«  surfat-e 
thftt  ifl  of  brus,  and  1  of  iilv«r,  be  of  the  speculum  has  oeeome  unifonn. 
used  with  only  one  of  nrienic,  a  most  The  next  step  will  be  to  smooth  it  by 
eicellent  metal  will  he  obtained,  wliich  is  means  of  fine  washed  flour  emery,  gra- 
whiter,  harder,  and  more  reflective  than  dually  passinf;  from  one  degree  to  the 
any  other  he  evw  met  with.  With  re-  next  finer,  and  washing  the  tool  and 
spect  to  the  practieal  value  of  this  com-  speculum  between  each  Explication  of 
position  we  oajmot  speak,  but  having  emery,  to  prevent  any  gntty  particles 
made  specula  for  reflecting  instru-  from  scratching  the  metal.  When 
ments  ourselves,  we  can  voucli  for  the  the  speculum  is  completed,  and  of 
goodness  of  tlie  following,  both  with  the  reauired  figure,  it  is  nest  (o  be 
respect  to  the  exquisite  figure  and  polish  polished.  This  is  done  either  by  taking 
it  is  capable  of  assuming,  and  its  tVee-  a  convex  tool  similitT  to  the  grinder, 
dom  from  pores.  To  make  this  compo-  or  the  grinder  itself,  and  covering  it 
sition,  take  two  parts  of  copper,  as  pure  with  pure  pitch  evenly  spread  over 
as  it  is  possible  to  be  procured ;  (for  the  its  surface  :  while  warm,  a  concave  tool 
goodness  of  the  speculum  will  depend  of  the  same  flgure  as  the  speculum  is 
on  the  purity  of  the  materials  employed)  then  worked  over  its  surfkce  wet. 
this  must  be  melted  in  a  crucible  by  When  the  proper  figure  is  obtained, 
itself  i  then  pnt  in  another  crucible,  1  washedputty(i.  e.  combined  oxide  of  tin 
part  of  pure  grain  tint.  Wheij  they  and  lead)  is  pouredon  the  pitch,  and  the 
are  both  melted,  mix  and  stir  them  with  speculum  pohshed  thereon  by  moving 
a  wooden  spatula,  keeping  a  good  flux  it  as  before.  During  the  process  of 
on  the  melted  stu^ace  to  prevent  oxida-  grinding  and  polishing,  the  tools  must 
tion :  this  melal  must  t>e  quickly  poured  be  carctully  examined  hythegaiige,  and 
into  the  moukis,  which  may  be  made  of  if  they  happen  to  get  out  oT  the  true 
founders'  loom  ;  the  intended  face  al-  figure,  the  i^eculum  must  be  worked 
ways  being  downwards.  Where  the  spa-  more  on  the  edge,  or  middle,  as  the 
culum  ia  required  particularly  good,  the  case  may  require.  Instead  of  the  ver- 
best  mode  of  castmg  is  to  have  an  iron  tical  pott  above  mentioned,  a  l^  is 
mould  made  with  a  vertical  tube  at-  some&nea  employed,  which  produces  a 
tached  on  one  side,  uid  the  bottom  of  the  much  better  figure  and  more  expedi- 
tube  to  end  in  a  bulb  :  the  melted  metal  tiously.  A  lap  consists  of  a  common 
is  then  to  Iw  poured  down  the  tube,  and  lathe  communicating  a  slow  and  r«gTi- 
will  fill  the  bulb  and  mould,  leaving  a  lar  motion  to  a  vertical  mandral,  on 
sufficiency  in  the  tube  to  give  pressure,  which  the  grinding  or  polishing  tool  is 
rhe  bulb  being  lower  than  the  mould  fixed;  in  using  the  lap,  the  artist  is  en- 
will  retain  anv  dense  impurities,  and  abled  to  stana  in  the  same  place,  and 
the  tube  the  lignter  ones,  while  the  spe-  has  more  command  over  the  work, 
culum  will  be  uniform  and  dense.  Lerues  are  ground  precisely  in  the 
Having  thus  procured  the  speculum,  same  manner  as  specula,  but  the  po- 
the  next  thing  will  be  to  grind  it  to  the  lishing  is  different  Here  the  concave 
required  figure;  this  is  eifecied  on  a  con-  or  convex  pohshing  tool  is  made  of 
▼ex  brass  or  hard  metal  circular  tool,  brass,  and  when  turned  of  a  proper 
carefullytumedtoagaugeoftherequired  curve,  a  smooth  thick  piece  of  felt 
curve.  This  tool  isfixedonapostorup-  (cloth)  is  stretched  over  Uie  tool  and 
right,  and  the  speculum  is  held  in  me  cemented  to  it ;  the  outer  surfkce  is  then 
hand  by  means  of  a  convenient  holder  imbedded  with  washed  putty  powder, 
cemented  on  its  baclr.  The  grinding  is  After  this  is  done,  the  lens,  or  block  of 
then  commenoed  with  coarse  emeiy  lenses,  is  worked  on  it  with  cross  mo- 
powder  and  water,  when  the  roughness  tions;  iFthepowderbeemplo^edtoo  wet 
IS  taken  off  bj  moving  the  mwculum  the  fibres  of  the  clotli  wulnse  up,  and 
across  the  tool  in  different  directions  polish  not  only  the  surface,  but  also  the 
walking  round  the  post:   finer  emery  small  hollowsleftinthesrinding.    This 

efi^t,  from  the  nature  of  the  polishing 

surbce  being  heterogeneous,  generally 

•  Tlii  bwtin  wkick  ii  bow  Terr  "uv,  '•  i*-  takes  place  to  a  greater  or  less  extent 

f^:u^MJl»^mlhl•^Khlull,gielilRt|,alitoTg.  when  viewed  by  a  microscope;  these 

™u  i.'«™rir''«^.u  *'i™c  w^s'ili;?)^  cavities  being  polished  admit  the  light 

ikriHSiiifasiiptr,  iiidUDftin.uUMuttaiwoiiu  and  disperse  iC  instead  of  it  being  col- 

*«b.p«t,i,bm.i.iro»ii.«i.  toctadumtliaumfbraisurfcce.  When 
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fheM  hults  onvi^ile  to  the  eye,  the  lens  Condudirig  Remarkt  on  Teletnopea. 
u  called  eurdltd.    If  we  are  desirous  of 

procuring  on  uniform  and  perfect  sur-  (48.)  The  applications  of  the  telescope  to 
face,  the  poUshing  tool  must  be  homo-  the  purposea  of  man  are  so  numerous, 
(Ceneous,  and  the  beat  material  for  its  that  their  details  would  far  exceed  the 
formation  is  good  dean  beMUwr,  hard*  bouDdaries  of  our  treatise.  Amongst 
ened  bv  the  addition  of  red  ^^haie  Oj  its  principal  uses,  however,  besides 
tron,  Jrjr  and  finely  washed.  This  com-  those  accompanying  the  descriptions  of 
position,  when  of  the  proper  temper,  ii  the  various  modifications  of  that  in- 
meJted  over  the  bras*  tool:  anA  when  strument,  may  Ik  enumerated  the  fol- 
cold  c»n  be  turned  to  tne  required  lowing: — The  accurate  determination  of 
curve.  The  advantage  of  this  improve-  the  longitude  of  the  various  places  on 
ment,  besides  its  uniformity,  is  that  the  earth's  surface  is  ascertained  bjrthe 
should  any  hard  scratchii^  particles  telescope,  by  observing  the  immersions 
insinuate  memselves  txtneen  the  tool  and  emersions  of  the  four  satellites  of 
and  glasses,  they  sink  and  are  imbedded  the  planet  Jupiter ;  from  thfence,  by  the 
in  the  wax,  and  thus  their  injurious  aidofagoodchronometer.wjth  the  time 
effects  are  prevented.  The  polish  of  of  any  known  place,  the  situation  ofthe 
lenses  made  m  this  manner  is  clear  and  unknown  spot  is  determined.  Before 
delined  when  examined  by  a  micro-  the  invention  of  the  telescope,  naviga- 
scope:  when  the  shadow  of  a  bar  ii  tor«  were  compelled  to  keep  within  siglit 
brought  across  them.  TUs  method  ii  of  the  coast  in  sailing  from  one  counti^ 
noiT  employed  by  one  of  the  first  opti-  to  another,  &nd  thus  were  often  endan- 
cians  in  the  meb'opolis.*  gered  while  passing  an  hostile  or  rocky 
Cgnteritig  o/L«nte». — The  centering  shore ;  by  the  assistance  of  this  instru- 
of  lenses  for  accurate  instrument*  is  of  ment,  the  voyage  is  made  direct  to  the 
great  importance,  more  especially  for  intended  place  without  fear  or  danger, 
the  object-glasses  of  achromatic  tele-  Totheastronomer thetelescope  is  his 
scopes.  BiSrent  opticians  employ  their  principal  and  most  important  guide.  It 
own  methods,  but  one  of  the  best  is  enableshimtodetennine,withprecision, 
done  by  reflection ;  let  the  lens  to  be  the  transits  of  the  planets  and  stars 
centered  be  cemented  on  to  a  lirass  across  the  meridian.  The  computation 
chuck,  having  the  middle  turned  away  of  astronomical  and  nautical  tables,  to 
ao  as  not  to  touch  the  lens,  but  near  the  determine  the  revolution  ofthe  planets  on 
ed^  wliich  will  Iw  hid  when  mounted ;  their  axes,  and  their  relative  polar,  and 
this  rim  is  very  accurately  turned  flat  equatorial  diameters,  is  derived  from  ob- 
whereitistotouch  the  glass.  When  the  servationsby  the  telescope.  We  are  by 
chuck  and  cement  is  warm  it  is  made  to  this  instrument  enabled  to  discover  the 
revolve  rai^y:  while  in  motion  alighted  analogy  between  the  laws  which  govern 
candle  u  tvougfat before  it  and  its  ra-  themotionsoftheplanetsandthoseofour 
fleeted  image  attentively  watched.  If  this  earth  ;  _  their  parallax,  and  from  theneo 
image  has  any  motion,  the  lens  is  not  their  distances.  The  aberration  of  light 
flat  or  central :  a  piece  of  soft  wood  iLnd  the  motions  of  the  nderial  systems 
must  therefore  be  applied  to  it  in  the  in  space,  unfold  wonders  which  must 
manner  of  a  turning  tooli  till  such  time  ex«te  the  ima^nation  of  the  most  pro- 
as the  li^t  becomes  stationary.  When  found  philosophers  in  the  highest  pos- 
the  whole  has  cooled,  liie  edges  of  the  sible  degree.  The  harmony  and  sim- 
lens  must  be  turned  by  a  diamond,  or  pUeily  displayed  in  such  immense 
ground  with  emery.  This  method  of  worlds  prove  the  design  and  wisdom  tiy 
centering  and  adjusting  object- glasaet  which  Iney  were  created;  and  tlie  won- 
bytheirreflected  images, waslaidoefore  deiful  thcts  thus  ascertained  raise  the 
the  pubUc  by  Dr.  Wollaston,  and  haa  most  ordinary  mind  up  to.  a  sublime 
been  used  by  our  first  opticians  for  A  contemplationof  the  great  Creator. 
conaderable tune.                                         '"  ' »i— j'>^-'-' ■ 


In  suri-eylng  of  land,  the  telescojfe  is 
highly  useful,  and  for  this  purpose  is 
mounted  on  a  stand,  with  an  horizontal 


.  ™«       ...,._,  ..1        .     ..I.     ,  *"•*  vertical  motion  registering  Iw  divi- 

win  ta  i«iid  !■  lU  QnuurljJiniMi  of  iba  Boji)    tion  Or  position  Of  the  instrument.    For 
'— ^•H»,TOLu,fipl4,oor«Bi»fc  the  morc  wcurate  r«dw^f  gj^Tbeac  Uivi- 
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MiOna,  the  two  limbs  are  furnished  with  moon  would  pass  the  telescope  is    6 

a  femier'f  tcale.     Spirit  levels  and  a  seconds.     Again,  if  we    increase   (he 

maffnetic  needle  are  usually  attached  to  power  1 0  times,  so  that  its  Unear  am- 

the  instrument ;  and  from  the  purposes  plification  of  an  object  is  flOOO  times 

to  which  it  is  applied,  a  telescope  with  only  a  ^site  P^rt  of  the  moon's  stir- 

this  mounting  is  called  a  Theodolila,  face  could  be  seen  in  the  field  of  ™w; 

derived  from  two  Greek  words  Au^ui  or  the  planet  Saturn,  whose   apparent 

to  see,  and  <S<f  the  vxa/  or  distance, —  diameter  is  10  seconds,  would  just  fill 

that  is,  an  instrument  for  seeing  or  de-  it,  and  the  time  of  their  passing  the  in- 

termining  dislaneet.    The   method   by  struraent  would  be  only  ,1,  of  a  second.* 

which  the  distances  and  heights  of  re-  Having  thus  shown  the  amaxing  velo- 

m^teobiecta  are  ascertained  is  by  mea-  city  with  whichaplanet  passes  the  mouth 

suring  the  angles  subtended  by  tne  ob-  ota  teiescopevriththese  high  powers,  we 

Ject,  and  computing  trigonometricallj'  shall  next  proceed  to  point  out  the  aper- 

Iherefrom.  .  tures  and  amplification  necessaryfor  ob- 

The  continental  writers  have  much  serving  some  given  measure  on  thesur- 

exaggerated  the  powers  and  penetration  fece  of  the  moon.   First,  we  must  deler- 

of  the  telescope;    indeed  the  time  is  minethean^leevery objectmustsubtend 

not  far  distant,  when  it  was  gravely  as-  to  the  eye,  m  order  to  render  it  visible : 

serlpd,  that  works  of  art  had  been  re-  this  is  found  on  an  average  for  different 

cognised  in  our  sateVite  the  moon.  The  sights  to  be  one  nunute,  that  is,  when 

fallacy  of  this  circumstance  may  be  an  object  is  removed  from  the  eye  about 

easily  shown  to  our  readers  by  the  fol-  3000  times  its  own  diameter  it  will  only 

lowing    simple   considerations.— Let  a  bejust  distinguishable.  From  this  we  can 

person  direct  tlie  tubes  of  a  telescope  now  determine  the  extent  of  the  smallest 

{without  the  glasses)  to  any  celestial  part  of  the  moon's  surface  discoverable 

object,  and  there  fix  them;  he  will  soon  oy  the  unassisted  eye.    Its  real  diameter 

find  that  in  a  short  space  of  time,  the  beiuESloo  miles,  which  divided  by  the 

object  will  have  removed  from  twfore  number  of  minutes  which  its  apparent 

the  mouth  of  the  tut>e.    Now  tlus  mo-  diameter  subtends,  (viz.  30,)  gives  us  70 

tion  of  thecelestiil  bodies,  which  is  only  miles  as  the  measure  of  the  least  distinct 

apparent,  arises  ft-om  the  revolution  of  spot  seen  by  the  naked  eye ;   therefore, 

our  earth  on  her  axis ;  and  the  quan-  we  know  that,  if  a  telescope  magnifies 

tityofthis  motion  may  l>e  determined  70  times,  we  can  just  discern  a  spot 

with  focility,  thus :— the  earth  is  known  one  mile  in  diameter  on  the  moon's 

to  revolve  once  about  her  axis  in  24  surface;  and  to  recognise  any  object  10 

hours,  and  as  every  circle  is  supposed  feet  in  diameter,  we   shall  find  by  this 

to  be  divided  into  360  equal  parts  or  rvile  tiie  magnifying  power  of  the  tele- 

deerees,  the  apparent  time  any  celestial  scope  must  be  37100  times,  and  the 

bodv  takes  to  describe  one  degree,  will  diameter   of  an  object-glass  or  melal 

be  found  by  dividing  the  24  hours  by  for  such  an  instrument  may  be  found 

360,  which  gives  us  4  minutes  as  the  by   the    method     described    in    (IB); 

time  an  object  would  pass  the  mouth  of  which  if  we  suppose  a  pencil  of  rays 

thetabeifit  only   takes  in  one  degree  A  of  an  inch   in  diameter  will  admit 

of  the  heavens.  sufficient  light  to  the  eye,  the  diameter 

Now,  if  we  suppose  the  glasses  to  be  of  the  speculum  must  be  62  feet,  and 

placed  in  the  tubes,  the  magnfying  power  its  focal  distance  309  feet,  when  an  eye- 

of  the  instrument  being  60,  and  we  ^^iss  of  ,^lb  of  an  inch  is  employed. 

direct  it  (as  before)  to  an  object,  as  the  These  calculations  must  convince  the 

moon,  whose  diameter  is  about  half  a  reader  of  our  inability  to  make  such 

degree,  the  time  of  her  passing  or  traa-  observations;  for  if  the  impossibility  of 

sit  will  be'one  minute,  if  the  field  of  procuring  such  enormous  inatrumenla 

Tiew  be,  as  in  the  ordinary  telescopes,  were  overcome,  they  would  be  so  un- 

■bout  30',  which  the  moon  would  ex-  wieldy  as  entirely  to  prevent  our  using 

MOy  occupy.    If  the  power  of  the  tele-  them. 

scope  be  increased  10  times,  the  eye-     —  ■ 

piece  having  the  same  angle  of  vision,  •»  iuMMMir  form  lo  iini*.  nuitfoifte  ob- 

only,j,partofthemoonwouldbeseen  l'S':"SfZ'i;.ri  "t."X™'piJ:^fS 

atonce,  1 00  being  the  square  of  10,  the  ■         ■          **             ^o«ut™pt«.m 

increased  power  of  the  instrument ;  and  | 
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of^Tluwy  ofStngU-Ma^,Jying  those  at  present  in  use  (without  their 

I^^^ft^t^^*'^-rjTr''^  field-glas..)  seems  to  belong  to  F.Fo^ 

i«*e^A>rMHTO«op«._eMW«^  tana,  a  Neapolitan,  who.  in  Iwork  pub- 

^^J^n.^    T'^f~^''-  ^''h«linl64s;daimsitashisown  and 

PnfcW.  iWrf  and  6<™A,«  dates  theinvention  from  the  year  1618. 

S^Tfjir,     ^   -^  """'  ^'*'        ^^  nuaierous  forms  of  mierescopes 

n^tngPowert.  ^hich  have  at  different  intervals  bJen 

(49.)  The  history  of  the  microscope,  con?truct«I,  may  be  included  in  three 

like  that  of  manj  other  valuable  inven-  distinct  classes,  however  varying  as  to 

tions,  has  been  veiled  in  considerable  **'?"  external  appearances ;— these  are, 

obscurityby  the  lapse  of  time;  and  the  ^if^g-fe.     Compound    Refracting,    and 

discoveiT.  amon^t  the  modems,  of  to  Compound  Reflecting  Microscopes. 

useful  a  dass  of  optical  instrumenta,         {50.)  T/ieoiy  of  the  tingle  Micro- 

has  been  claimed  by  several  individuals.  '""P^- — I*  must  have  been  observed  by 

But  it  seems  certain  that  the  ancients  ™<'st  persons,  that  when  the  distance  of 

were  acquwnted  wilh  the  microscope,  *"  object  from  a  spectator  is  decreased, 

at  least  in  one  of  its  forms,  as  appears  "*  'f^  enabled  to  define  its  parts  more 

from  the  followingpassage  in  Seneca: —  readily,  and  that  it  iqjpears  lai^er ;  Ihua 

"  Letters,  though  minute  and  obscure,  ifi**  wok  attwomen.  theone  200  feet, 

appear  larrer    and   clearer   through  a  J^"*  the  other  only  100  feet  from  us,  the 

glass   bubble  filled   with  water."     Al-  'O""^  "il'  appear  only  half  the  height 

though  we  have  no  account  tlut'they  "f  the  latter;  or  the  angle  which -the 

understood    Ihe    laws    1^    which'   Uie  letter  subtends  to  the  eye  of  an  observer 

magnifiring  power  of  the  spherulewas  willbe  twice  that  of  the  former.    Henca 

effected,  yet  their  acquaintance  wilh  its  ^*  ™'?**  conclude,  thai  the  nearer  w» 

application  appears  certain.  p*^  hnag  an  object  to  the  eye  the  larger 

The  invention  of  thej  microscope  is  '*  "'!'  "Ppear.    Now,  if  we  have  to 

attributed    by   the    celebrated    Dutch  s'=*""ne  a  very  minute  object,  and  in 

-    themaUcia     "  ™>~. ■•-■^ ^- ^- 


mathematician,  Huygens,  to  a  country-  "rder  to  render  its  parts  distinguishable 
man  of  his.  named  iSrebeU,  {for  it  must  '^  "^  ^™^  '*  "^  "ear  to  the  eve,  (sup- 
be  observed  that  it  was  entirely  lost  in     P***^  ""^  "''  ^'•'^°  inches, )  it  will  become 


the  middle  ages.)  He  constructed  them  vwy- indistinct    and    confused.     This 

about  theyearI62I,or31yearsaflerthe  ^"*°*  is  produced  by  the  great  diver- 

mvention  of  the  telescope.     Accord-  g^ncy  of  Ihe  rays  of  light  from  the  ob- 

ing  to  Borelli.  the  microscope  was  in-  J^<'t,and  thepower  ofthecrystallinelena 

Tented  by  Jansen,  the  reputed  contriver  ?'  *"^  ^*  '^°^  '^^'^  sufficient  to  coU 

of  the  telescope,  who  presented  some  Iff'  ""*  '"*i''''  wnereb^  an  image  of  the 

inslruroenU  of  his  fli'st  construction  to  ™J*='^  ™^y  ™  formed  on  the  retina,  at 

Prince  Maurice,  and  Albert  Archduke  of  '"^  proper  distance  on  the  back  of  Ihe 

Austria.  Theseinstrumenlsweresixfeet  ^^^^     Nowif  we  employ  a  single  micros 

in]ength,andconsUtedoFatubeofeilt  =cope.  wluch  consists  ofa  convex  Jena 

copper,  one  inch  in  diameter,  supported  usually  made  of  glass,  (though  it  woul4 

by  Ihin  brass  pillars  in  Uie  shape  of  '^"^  the  power  of  magnifying  or  in- 

dolphins.  on  a  baflc  of  ebony  which  was  "fasing  Ihe  angle,  if  made  of  any  other 

adApledto  hold  the  objects  to  be  ex-  ™iaparent  substance,  but  in  a  different 

amined.    Of  the  internal  construction  ""^ee.)  ^^  mounted  inabrass  Belling, 

of  this  microscope  we  have  no  precise  ^°  P^"^^  "  between  the  object  and  the 


account;    though  there  is  reason  to  *ys»l'ie  formerbeing  in  the  focus  of  the 

think  that  it  was  nothing  more  than  a  ^'ms,  the  diverging  rays  from  the  object 

telescope  converted  into   a  compound  w""  be  refracted  and  rendered  parallel 

microscope.*     Viviani,  an  Italian  ma-  j/  ™®  ^^^  ■  ^""^  ^i"*  "'^  shall  ottain  » 

thematician,  also  expressly  informs  ua  Q"''""  »"«  near  view  of  the  object. 

in  his  Life  of  Galileo,  that  toia  great  man  .  ^°  exemplify  this  fact  more  aimpiy.  let 

was  led  to  the  construelion  of  the  mi-  ;*■  W-  ^^J  °^  ^  small  object  whjch  we 

croscope  from  that  of  the  telescope  ■  "'^^"*  /"  examme.    Now,  bundles  of 

and  in  the  year  1612  he  actually  sent  "j-s  will  diverge  from  every  part  of  thi» 

a  microscope  to  Sigismund.  King  of  o'^jectinall  dueclions,  as  shown  by  the 

Pobnd.  The  honour  of  making  a  micro-  Jmes  Ar,  Ar.     And  if  liiere  be  placed 

- — - — . before  this  object  a  convex  lens  B,  whose 

•  hh  Rdi.i..^h  B.r.^,„.^;^  .^    u! .»  focal  distance  is  H  A.  those  rays  diverg- 
ing from  the  object  which  iall  on  tho 
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OPTICAL  INSTRUMENTS. 
»#■  33.  per  to  tdopt  a  ihorfer  stan&rd,  ta  Ihal 

of  Dr.  Brewster,  wUl  simply  hare  to 
divide  the  magni^ng  jxiwer*  hereafter 
given  by  two,  which  will  give  the  re- 
quired power  according  to  that  standard. 
With  this  decimal  tlaridanl  we  can 
now  determine  the  magnifying  poww  of 
lenses  of  any  focal  length,  or  formed  of 
any  substance  («n<dia.)  Thns,  ifweata 
in  possession  of  a  lens  wluch  reqiures, 
lurfaM  of  the  lens  wiD  be  refracted  et  for  distinct  vision,  tlie  object  to  be  ont 
hstwo  surfaces,  and  emerKe  from  it  incAfromitscenlreCmadouUeconvei,) 
nearly  parallel  to  each  other;  con-  we  must dinde  the  standard  (m  by  ow 
»equ™t^the  object  is  capable  of  being  whichwillgivetcn,  therefore  suchalens 
te^edV  the  ^e  on  the  side  B,  und^  wiU  mcrease  the  diameter  of  an  object 
m  greater  angle  than  it  could  b«  seen  <«n  through  it  ten  times :  again,  if  we 
wiUiout  the  lens  have  another  lens  which  requires  the 

<  (SI  .>  Having  shown  that  the  magni-  object  to  be  the  twenty-fifth  of  an  inch 
fude  is  depend^!  on  the  distance  oTthe  distance  from  it.  the  power  wJl  be  250, 
oHeet,  we  must  now  investigate  the  in-  which  is  found  by  simply  adding  a. 
crease  obttdned  by  the  employment  of  cipher  (0)  to  the  denominsior  of.thc 
lenses ;  this  we  shall  find  to  depend  fraclion  which  expresses  lU  distance 
on  the  difference  of  the  distance  of  the  (viz.  ^,),  and  removing  the  numerator. 
dWectfromakns,  and  the  rf.«(anc«  when  Now.  m  the  first  case,  when  we  em- 
seen  without  its  assistance.  This  lat-  ployed  an  mch  lens,  we  caUed  its  mag- 
ter  distance,  however,  (that  is,  the  near-  n'fymg  power  ten,  from  the  number  of 
est  distance  at  which  we  can  distinctly  diameters  or  increase  of  length  and 
discern  a  minute  object,)  is  variable  in  breadth  of  an  object  by  tlie  use  of  that 
different  persons,  and  indeed  in  the  same  'ens.  This,  which  is  its  usual  denonuna. 
mdividual  at  different  periods  of  life ;  IJo",  is  very  defective ;  for  we  shall  find, 
therefore  it  becomes  necessary  to  assume  that  if  we  draw  the  real  object  and  Its 
some  measure  as  a  standard,  before  we  magnified  view,  the  latter  will  occupy 
can  express  the  amplifying  power  &f  a  100  limes  the  surface  of  the  former,  so 
tens  so  as  mutually  to  comprehend  the  that  the  most  proper  expression  of  the 
same  idea  of  the  real  magnitude  of  an  magnifying  power  of  this  lens  would  be 
oWect.  In  old  optical  works  the  dis-  '  OO.  This  will  be  manifest  from  an  m- 
tance  at  which  the  authors  usually  Bpectionof.^.33, whereaistherealsue 
teekon  the  place  of  distinct  vision  is  j^„  j^ 

tight  inches,   but    in  latter    works   a  *' 1 

shorter  distance  has  sometimes  been  as- 
Bmned.  These  distances  are,  however, 
Tariable,  and  are  often  determined^by 
fite  writer  to  suit  his  own  vision.  p 

Dr,  Brewster,  in  his  optical  works,  '- 

baa  taken  _/fc>  inches  as  the  distance  for 
mmuteotjjects;  "  for,"  says  he,  "if  we 
examine  a  small  coin  or  insect,  we 
•aturalfyhold  it  nearer  than  an  ordinary 
oUeet,  in  order  to  inspect  it  more  care-  of  a  square  object,  and  A  its  magnified 
ftiUjr."  Again,  we  find  that  Professor  view.  Now,  the  doited  hues  will  show 
Amici,  of  Modena,  in  determining  the  that  it  is  ten  times  longer  and  broader 
amplifying  powers  of  his  instruments,  than  the  object  a,  but  it  will  be  found  to 
has  adopted  B  standard  of  fen  inches  aa  contain  100  such  doited  squares  all 
the  focus  of  the  eye  under  ordinary  cir-  equal  iu  size  to  the  original  square  a  : 
eiimstanccs.  This  latter  number  has  hence  the  proper  magnifying  power  is 
■bo  been  employed  t>y  some  authors,  lUD,  or  the  length  squared. 
mincipaSy  for  the  reason,  that  being  a  The  following  table  will  eihibit  the 
oecimal  number  it  offers  greater  faci-  magnifying  powers  of  lenses  from  two 
Uties  as  a  multiplier  or  divisor  in  optical  inches  focus  to  the  jVth  of  an  inch,  ac- 
investigations.  We  shall  therefore  as-  cording  to  the  decimal  standard ;  the 
■ume  this  as  our  standardin  subsequent  column  mariied  superficial  is  the  true 
««leidations.  Those  wbo  may  think  pro-    increase  in  nzeof  an  object  l^  (^ '^''> 
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of  the  fbcftl  lengOi  ■l»wn  in  tiie  first 

column,  formed  from  any  transparent 
substftnce. 

is  imchM,  Lia»»r,  Baperficiil, 

2  5  23 

11  e.S  43.5 


20  400 

40  1600 


64  OO 

/j  100         10000 

'  (52.)  In  a  single  microscope  the  cir- 
cumstance requiring  the  greatest  con- 
sideration, is  the  formation  of  the  lens. 
The  grinding  of  microscopic  lenses  is 
effected  in  a  similar  manner  to  that  de-  - 
scribed  in  page  30,  except  that  a  quicker 
revolving  motion  of  the  grinding  tool  is 
necessary,  and  in  the  polishing  great 
care  is  required  to  keep  them  of  their 
proper  fipire  (spherical.)  When  com- 
pleted, they  should  be  as  thin  as  the^  can 
possibly  be  procm-ed  vrith  a  sufficient 
aperture,  the  reason  for  which  will  he 
hereafter  explained.  In  the  mountin;^  or 
fitting  up  of  the  lenses,  the  intention 
of  the  instrument,  whether  ib  is  to  he 
used  as  a  hand,  a  pocket,  or  a  taiile 
mierotcope,  must  be  considered.  From 
the  arrangement  of  the  mountings  to 
suit  the  nature  of  the  olgects  to  be 
examined,    microscopes  .  often    derive  ■ 

their  name,  though  the  principle  in  rither  as  to' distance  or'^position';  the 
aU  of  them  is  similar,  as  Botanical,  handle  i  is  screwed  to  the  stem  a  when 
Mineralogieai,  Anatomical,  Natural  in  use.  If  a  lens.of  a  different  power  i« 
Hittory,  Aquatic,  Transparent,  or  required  to  be  employed,  the  cell  6  may 
Opaque  Mierotoope$,  all  of  which  are  be  removed,  and  another  with  a  deeper 
either  tingle  or  compound.  The  focal  or  shallower  lens  screwed  into  itsplac& 
distances  of  the  lenses  mounted  in  the  If  low  power  is  wanted,  ea  for  the  in- 
single  microscopes  are  usually  1)  inch,  spection  of  flowers,  the  cell  with  the 
I  iuch,  i,  J,  T^ith,  and  ^th  of  an  inch,  lenseslshown  '\afg.  35)  should  be  used, 
though  the  two  last  lenses  seldom  ac-  p/a  35 

company^lhe  jwcfte/ fiotoKca/.    One  of  ^' 

these  microscopes  is  shown  in  ^.  34, 
which  is  capable  of  having  either  lens 
adapted  to'  it,  and  from  its  extreme  sim-  1 

iriicitv  is  not  liaUe  to  ^  deranged :  ~r' 

a  is  the  brass  stem,  havmg  an  intmnal 
screw  cut  in  it  to  receive  the  cell  b  \ 

containing  the  lens  c;  at  if  ttieie  is 
attached  an  arm  e:  this  arm  being 
jointed  at  d  is  capable  of  lying  flat 
when  out  of  use,  or  can  be  altered  to  as  that  combination  is  snpenor  to  a 
■uit  any  other  convenient  position  for  single  lens  of  equivalent  power.  This 
holding  the  object,  aa  shown  by  the  cell  contains  two  plano-convex  len.tes, 
dotted  lines ;  on  the  round  arm  e  is  a  with  their  plane  sides  turned  to  the  eye, 
sliding  tube  /,  fixed  to  another  sprung  the  focus  of  the  nearest  being  2  and  the 
tube  at  right  angles ;  this  latter  tulw  other  3,  with  a  distance  between  them  • 
eanies  the  forceps  A  moveable  in  every  equaltol  ofmich  parts;  ortheirsidercal 
.directioa  mth  respect  to  the  lou  c,   focal  distances  bK  usually  kbout  1  indi 
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and  1}  inch,  ^e  advantage  of  this 
combination  is,  an  increase  of  field  (or 
numher  of  objects  seen  at  once.)  uid 
the  diminution  of  aberration,  as  ex- 
plained at  page  13,  (22.) 

(33.)  When  microscopes  are  required 
for  general  purposes  they  are  mounted 
OD  a  stand,  and  usually  called  table 
microscopes.  These,  as  we  before  re- 
marked, are  various,  and  accompanied 
vith  different  implements  for  the  pur- 
poses of  dissecting  and  holding  the 
various  Directs  to  be  examined.  The 
moveable  parts  of  these,  and  of  all  mi- 
croscopes, should  be  free  from  shake ; 
while  all  their  adjustments  should  be 
easy,  and  without  jolU  or  tlartt  when 
moving.  The  lenses  should  be  so 
mounted  as  to  be  easily  approached  by 
the  objects;  and  at  the  same  time  not 
too  remote  from  the  eye,  as  the  field  of 
view  win  always  be  increased  with  the 
neameas  of  the  lens  to  the  eye.  Lastly, 
kU  shining  or  bright  sur&ces  should  be 
blackened  on  the  anterior  side  of  the 
lens,  BO  that  no  glare  or  false  light  can 
be  reflected  towards  the  observer.  For 
adjusting  the  object  to  the  focus  of  the 
lens,  a  rack  and  pinion,  or  screw  adjust- 
ment, is  generally  employed.  These 
should  be  very  fine,  and  sensible  of  the 
smallest  motion. 

(54.)  With  these  preliminary  remarks, 
we  ahall  now  describe  a  single  micro- 
licope,  suitable  for  the  examination  of 
any  kind  of  object,  in  which  the  a4just- 
jng  motions  are  of  a  novel  and  simple 
construction,  as  ndther  screw  nor  rack- 
work  are  employed.  This  instrument 
has  recently  been  designed  and  executed 
by  Mr,  Holtxaffel,  jun.,  on  the  basis  of 
the  microscope  of  Mr.  Fritchstd,  who 
constructed  the  opticalpart.  Itconsisis 
of  a  circular  brass  stem  a,  {fig.  36,) 
capable  of  being  fixed  in  even  possible 
inclination,  by  the  ball  e  attached  to 
the  clamp  b,  by  Which  the  whole  may 
be  firmly  fixed  to  a  table  or  board ;  the 
circular  mirror  d,  working  in  the  arm 
m,  is  attached  to  the  tube  x'ia  the 
usual  way.  But  if  would  be  more  con- 
venient if  appUed  in  the  manner  shown 
below  at  fg,  37,  where  1  is  the  mir- 
ror, ft  the  arm,  and  {  the  tube ;  by  this 
means  the  mirror  is  moveable  in  any  po- 
sition ,  to  throw  the  refiected  light  on  the 
slider  ortiHect  e,  (Jig.  36,)  by  tiie  screw- 
beadsfixed into  the  mirror  case,  which  is 
loose  in  the  arms.  The  Vi  hole  slides  upon 
the  stem,  that  itmay  be  placed  nearer  to, 
or  farther  from  the  object,  according  to 
the  intensity  of  the  light  required  for  the 


^.38. 


Fig.  37. 


various  sutjects  under  examination.  The 
back  ofthis  reflector  is  flatand  polished, 
so  that  a  monochromatic  light  re- 
flected from  the  brass  may  be  employed 
when  necessary. 

The  lenses  are  mounted  in  cells  as 
shown  at  /,  and  are  screwed  into  the 
dovetail  bar  A,  sliding  between  three 
stout  pins  i,  t,  t ;  the  nearest  one  having 
a  strong  sprini;  on  the  under  side,  which 
keeps  the  bar  in  close  contact  with  the 
other  two,  without  any  sliake.  The  bar 
is  moved  across  the  object  by  either  of 
the  miUed  nuts  n,  p,  ntuch,  instead  of 
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each  endtothebar  A,  with  an  fldjuatinf;  the  lignt  instead  of  the  mirror;  tiat 
ictBW  to  regulate  the  tension  at  the  contrivance,  which  was  suggested  by 
end^.'  the  bar  may  alao  be  turnedround  Dr.  Goring,  forma  an  excellent  reflected 
on  Uie  central  pin,  Utted  in  the  top  of  for  many  interesting  objects. 
the  stem  a,  ana  thus  &  tra,versing  mo-  <56.)  Having  described  the  mechanic 
tion  in  every  direction  may  be  given  cal  arrangemenls  belonging  to  a  micro- 
to  the  bar  and  lens,  without  disturb-  scope,  it  remains  for  us  to  treat  of  the 
ing  the  object,  or  altering  in  the  least  magnifiers  and  the  apertures  necessai^ 
the  distance  between  it  and  the  lens.*  to  be  used.  But  before  so  doing,  it 
The  adjustment  of  the  focus  is  first  may  generally  t>e  remarked  of  all  mi- 
made  1^  sliding  the  stage  pieces 'o,  croscopes,  that  if  the  magnified  repre- 
P  by  the  hand,  until  the  object  is  seen  sentation  of  any  object  he  not  ti^T 
nearly  distinct;  the  thumb  screw  r  being  depicted  on  the  retina  oF  the  eye,  with 
then  turned,  fixes  the  lower  piece  p  to  its  rarious  parts  and  markings,  of  their 
the  stem  a;  then,  by  means  of  the  large  true  form  and  proportion,  thar  out- 
milled  head  t,  the  floal  adjustment  is  line  distinctly  defined,  having  a  suffi- 
made  by  the  interveDlion  of  a  connecting  cient  degree  of  brightness,  and  of  theii 
bar  t,  attached  to  the  stage  piece;  proper. colour,  the  instrument  cannot 
this  bar  works  on  an  elastic  eccentric  be  depended  upon  to  give  a  correct 
movement  under  the  milled  head  t,  so  idea  of  the  nature  of  the  objects  to  b« 
that  an  adjustment  of  any  small  quan-  examined. 

iity  can  be  obtained  with  extreme  pre-        (57.)  The  common  form  of  the  mag- 

cision  (simildrinprinciple  to  thein&iite  nifiers  employed  For  microsco^s  ara 

lever.)    The  slider  containing  the  ob-  double- con  vex,  and  from  what  is  stated 

iect  is  kept  close  to  the  stage  by  two  in  (20.)  page  12,  they  should  be  made 

neliaca) springs  vv.     A  conf^nsing  lens  as  thin  as  possible ;  for  the  wanderirtg 

and  a  pair  of  forceps  are  made  to  fit  ia  or  ipreading  otit  of  the  rays  proceeding 

the  piece  o,  and,  can  be  employed  either  from  an  object  when  refracted  by  a 

with  or  without  the  stage,  plate,  which  lens  with  spherical  surfaces,  whereby  an 

maybe  entirely  removed  by  the  thumb'  indistinct iiess  is  produced  in  its  image, 

■crew  in  front,  when  necessaty.  will  be  decreased  as  the  square  of  Uia  ' 

<5S.)  The  quantity  of  hghtnecessaiy  thickness  of  the  lens  employed,  while 
to  be  employed  in  using  a  microscope,  the  loss  of  light  in  passing  through  the 
is  dependent  on  the  nature  of  the  object  substance  of  the  lens  is  increased  in 
under  examination,  and  on  the  magni-  the  same  proportion  as  its  thickness, 
ffing  power  of  the  lenses  necessaiy  for  But  in  page  12  the  object  was  con- 
its  (kvelopement.  sidered  at  an  infinite  distance,  and  the 

The  light,  therefore,  from  the  sun  or  image  was  formed  in  its  focus.    Now 

a  lamp  may  be  condensed  by  a  convex  in  the  microscope  the   ol^ect  is  placed 

]ena  attached  to  the  stage ;  or  a  con-  in  the  focal  point  of  the  lens,  and  tha 

densing   lens    may  be  substituted  in  rays  ore    rendered  parallel  when  re- 

blace  of  the  reflector,  and  the  light  fractedbyit;  hence,  in  order  to  dimi- 

from  the  lamp  allowed  to  fail  on  it  nish  the  aberrations  *  as  much  as  {los- 

direcE.    This  light,  in  order  that  it  may  sible  when  we  employ  lenses  oF  unequal 

not   produce    tTie   injurious    prismatic  curvatures  or  plano-convex,  the  flattest 

colours,  may  be  m0e  of  one  uniform  side  of  (he  lens  must  be  turned  towards 

colour.    In  the  monochromatic  lamp  the  radiaiit  (object,)  when  the  aberrar 

introduced  by  Dr.  ISrewster,  spirit  of  tions  will  be  as  there  stated ;  or,  accord-  , 

wine  mixed  with  a  little  water  is  used,  ing  to  the  results  of  Mr,  Herschel's 

This  produces  a  yellow  flame,  which  recent  investigation,  they  are  as  follows, 

he  states  is  less  injurious  to  the  eye  than  calling  the  aberration  of  a  lens  of  the 

that  of  the  ordinary  hght.    The  glare  best  ffirm  and  position,  thatis,  with  the 

of  the  common  lignt  may  be  removed  convex  side  turned  to  parallel  rays,  and 

by  placing    a  plate  of    greyed  glass  the  radii  of  its  surfaces  as  1  to  6,  umh/. 

under  the  object,  by  which  means  a        Best  form 1. 000    ■ 

eloudy  light  is  obtained.     This  effect        Double  convex  or  concave     .    1.S67 


Kitht  liiiTa  ■  ihiirt  iTDFi  liidlfl  •  Tte  word  a! 

--  •■—  ■■■ Sind  migkl  m™  irordi,  ab.frm. 
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IHuto-coflTex  or  concave,  with  Fig.  36, 

the  spherical  bui&cc  exposed  to  —     " 

parallel  rays       l-OSt 

Plano-coDTex  or  concave,  Ihe 
flat   sur&ce    being  exposed  to 

parallel  rays       4.3 

In  all  these  casea  the  lenses  are  sup- 
posed of  equal  thickness. 

(SB.)  Now  where  the  lens  is  of  short 
focus,  the  proportional  quantity  of  cur- 
vature required  to  be  used  with  the 

TieeesHaiy  aperture  will  be  greater  than  etjiplojed,  the  focal  distancewill  be  half 

in  lenses  of  lon(5  foci;  besides  which,  aa  the  radius  mensured  irom  the   surface 

the  quantity  of  light  admitted  by  small  neareiitthe  object,  that  is  a/,  therefore, 

lenses  when  thrown  on  the  retina  is  at-  the  radius  of  a  globe  of  equal  magnify- 

tenuated  in  proportion  to  its  magnifyinK  ing  power  to  the  lens  must  be  |  of  c/  or 

power,  it  therefore  becomes  important  30  +"48  x  2 

to  make  it  pass  through  glass  of  the  — - — ^3 =  52.*    Hence  the  dis- 

■mallest  possible  thickness,  and  of  the  tancebetween  the  otgect  and  the  surface 

utmosttransparency.   To  show  that  this  of  the  globe  i,  c,  6.  a,  e  will;  be  only  26 
quanhty  IS  considenible,  we  shall  give         ^s  (ot  J.th  of  an   inch,)  that  is  only 

the  thickncBSM  of  two  lenses  of  equal  ^^f  ,he  .hstance  a  lens  of  equal  power 

focus,  each  of  which  has   an  aperture  ^^^j^  ^^    removed    from    the   Sbject 

sufficient  for  the  vision  of  any  class  o£  j,g„]y_      Therefore,    ia  adjusting  the 

objeoti.  ;  Thtat™.  b,  FtoM.  spherule  to  dislinct  vision,  the  liability 

DogbucoimLnB.       iividnciiii  rf    larb,  of  t  ouchiog  thc  object  is  doublcd,  aoo 

Oidinary  manufeeture      "T   1.    ,  the  danger  of  destroying  it,  altogether 

Esecuti  in  the  best  manner  4i  j^  ]'y^°  "«*  ^»  approach  1*  "jcrea^ 

—  in  the  same  proportion.      While  for 

Difference  hi  thickness  4^  viewing  animaJcula  or  moist  objects. 

Prom  this  statement  it  appears,  that  which  require  a  thin  plate  of  talc   or 

if  we  suppose  the  transparency  of  the  glass  over  tliem  to  prevent  the  lens  from 

class  in   both  lenses  to  be  equal,  the  being  dewed  by  evaporation,  and  like- 

Ught  lost  in  passing  through  the  first  wise  to  keep  the  surface   flat,  thesa 

will  be  double  that  of  the  last,*  disadvantages  would  in  many  cases  ren- 

(S'J.)  When  lenses  of  higher  magnl-  der  them  useless.     And  the  aberration 

lying  powers  than  those  of  the  .'jth  of  is  increased  in  the  globule,  both  by  iU 

*"  '""h  are  required,  small  glass  sphe-  increase  in  thickness  and  the  diminished 


rules  are  frequently  mounted  for  micro-  radius  of  curvature,    which    also  i..- 

Bcopic  purposes  instead  of  them.    These  creases  the  distortion  of  iU  figure  in 

glass  spherules  or  globules  were  first  the  same  proportion,  (vie.  inversely  as 

substituted  for  lenses,  by  Dr.  Hooke,  who  the  squares  of  their  radii.) 

descnbes  the  method  of  making  them  in  (ci.)  The  magnitude  of  the  iroerturea 

his  AftcrcgTapAta,  pubhshedin  J665.  used  in   small  lenses   is   dependent  on 

(60.)  The  eflecti  of  employing  glo-  their  aberration,  and  the  nature  of  the 

bules    practically,   independent   of  the  object   uniler  examination ;     while  tha 

increase    of    aberration    arising    from  brightness  of  objects   seen   through   a 

■  their   thickness,  may  now    be    consi-  microscope  (in  regard  to  illumination) 

dered.    Let  d/  be  the  focal  distance  will  be  direcOy  as  the  areas  of  their  re- 

Ofa  double  convex  lens  cdeof  crown  spective  apertures.  Hence,  by  whatever 

glass,  from  its  surface  d  to  an  object  means   the   aperture  can  be   increased 

»t/.  (/g-  38,)  which  may  .be  supposed  without  indistinctness,  the  instrument 

equal  4a,t  or  ,^th  of  an  inch  focus,  and  will  always  be  improved, 

let  its  thickness  be  equal  to  tJie  radios  For  this  purpose  various  conbivancea 

m  60.  Now,  when  a  globe  of  glass  J  is  have  been  suggested  by  many  scientific 

^  Tit  Grii  iea>  hac  ia»r,rFd  uu  uk«  fmni  individuals  to  improve  tlie  Single  micro- 

ilmm  mmdi  inihi  ilioM  iihe  liirn  wu  cieruwd  scope,   by  reducing  the   spherical   and 

MS^*l.M™'ra^™?!2it™™^  '^d'"«p>°:  cJirorafilic   dispersions,  and    increasing 

Buoiallj  praTnd  rbc  gondDFu  of  ikin  Itnui,  the  field  of  view.     And  here  it  may  b« 


»  !/ew  Blcmsnli  of  Opiici,  ij  B.  .Uartiii.— 
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renui'ked,  &kk  theie  iiiqiroTementa  be-  diffiaullieg  in  their  conitnictioii ;  hence 

come  of  considerable  importuice  in  Ibe  their  expense  is  considerably  lessened.* 

investigation  of  minute  natural  objects.  The  lenses  shown  in  the  figura  areplaoo- 

from  the  fiict,  that  in  the  vision  of  ob-  convex,  having  their  flat  sides  exposed 

iects  through    single  microscopes   we  to  the  radiant  (olgect,)  which  U  the  best 

look  at  the  real  object ;  but  in  all  com-  position  for  divei^ent  rays  :  their  dia- 

pounds,  however  perfect  their  construe-  meter  is  equal  to  their  focal  lengths, 

'---   -B  only  see  a  magnified  repre-  which  is  absolutdy  necessajy  for  most 


&cn. 


Fig.  39. 


sentation  arpidure  of  the  object,  which  trensparent  objects  when  the  lens  i 
it  is  evident  m  point  of  accuracy  cannot  less  than  J,th  of  an  inch  fbcus.  Fig. 
be  relied  upon  with  the  same  confidence  39  is  the  diamond  magnifierl  which  is 
M  a  magnified  view  of  the  object  iltalf.      the  thinnest  lens  of  the  three ;  fg.  40, 

(63.)  Dr.  Brewster,  in  his  Treaiite  the  sapphire;  and  Jfg.  41,  \he  glass 
on  New  Philotop/ucai  Jiutrumentt,  lens  of  the  same  power,  but  ^ose 
■peaking  of  single  microscopes,  says,  thickness  being  greater  than  the  others 
"We  cannot  expect  any  essential  im-  has  considn^bly  more  eiror  W  figure, 
provement  in  that  instrument,  unless  (spherical  aberration.} 
from  the  discovery  of  some  transparent 
substAice,  which,  like'  the  diamond, 
combines  a  high  refiractive  power  with 
&  low  power  of  dispersion."*  This  sub- 
stance has  subsequently  been  formed 
into  lenses  by  Mr.  A.  Pntchard,  at  the 
suggestion  of  Dr.  Goring,  who  caused 
Mr.  P.  lo  commence  the  undertaking  in 
July,  1B24.  The  first  diamond  fens 
was  completed  at  the  end  of  that  year. 
The  difficulty  of  working  this  sub- 
stance into  a  perfect  figure  was  sub- 
■ei^uenlly  overcome.  Mr.  Pritchard 
finished  the  first  diamond  microscope  in 
1S26  ;  the  focal  instance  of  this  mag- 
Bifter,  which  is  douUe  convex,  is  about 
^th  of  an  inch.  Of  the  ^ue  and 
importance  of  the  introduction  of  this 
brilliant  substance  for  the  formation  of  The  aberration  or  indistinctness  of 
■ingle  microscopes.  Dr.  Goring  stales,  lenses  of  the  same  aperture  and  sub- 
"  I  conceive  ditanond  lanut  to  consti-  stance  are  inversely  as  the  iquares  of 
taite  the  ultimatum  of  perfection  in  the  their  radii  But  when  we  compare  a 
■ingle  microscope."t  lens   of  diamond   and   glass   of  etjual 

iW  principal  advantages  of  employ-  thickness  their  longitudinal  Bl>errations 
mg  this  briUiant  substance  in  the  loim-  are  dilFerent.t  And  as  the^actual  con- 
fttKHi  of  microwopes,  arise  &om  the  fusion  is  as  the  areas  of  the  little  circle 
n^orally  high  refractive  ponrer  it  pos-  into  which  everv  mathematical  point  on 
■eases,  whereby  we  can  obtain  lenses  of  the  surface  of  the  object  is  spread  over, 
any  degree  of  ma^fying  power,  and  itwill  be  as  their  squares,  or  as  .9)2fbr 
thatwilhcomparativelyshallow  curves  ;  the  diamond,  and  S.7SS  for  the  glass; 
the  indistinctness  occasioned  by  the  and  by  multiplying  these  numbers  -by 
figure  of  the  'lens  is  thus  greaUv  dimi-  the  squares  of  their  radii  inversely,  it 
nished,  and  the  dispersion  of  colour  in  will  be  found  that  the  indistinctness  of 
theaubstaneebeingaslowas  thatofwa-  a  diamond  lens  of  equivalent  power  is 
ter,  renders  the  lens  nearly  achromatic.     abouti7R0fu«n(ie(AofthatofagIasslens. 


The  curvatures  of  this  substance  and 
that  of  glass  to  produce  the  same  am- 
plification are  shown  in  the  following 
Inures,  where  is  also  represented  a  lens 
of  sapphire  of  the  same  power.  This, 
next  to  the  diamond,  possesses  all 
the  qualities  requisite  for  the  formation 
of  perfect  magnifiers,  and  presents  less 


The  magni^ng  powers  of  Mr,  Prit- 

chard"s  sapphire  microscopes  are  shown ' 
in  the  following  table,  where  their  focal 


rvswi 


it  diffrrnitJniB  Ibi  aijur  ] 
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lengths,  with  thrir  linear  and  superficial  Tiewed  is  of  such  magnitnde  as  to  &p> 
amplit^cation,  are  (nven  according  to  pear  under  an  angle  of  several  degrees 
the  decimal  standard.  on  each  wde  of  the  centre,  the  requisite 

Table  of  Magnifying  Foweri  of  S^    distinctness  cannot  be    given  to    the 
'       ^.'"'  .^..   .  •'      ^      whole   surface   by   a  common  )ens  (o/' 

glatt,)  in  consecjuence  of  the  confurion 
occasioned  by  ttie  oblique  incidence  (^ 
the  lateral  rays,  excepting  by  means  of  a 
Tety  small  aperture,  and  proportionable 
diminution  of  light."*  To  efibct  this 
purpose  with  ^lass  lenses  and  render 
them  periteopie,  he  unites  two  plano- 
convex lenses  together  by  their  plane 
surfaces,  interposing  a  circular  plate  of 
brass  between  them,  with  a  circular 
aperture  in  its  centre,  as  shown  in  an 
enlarged  sectioD  (/^.  42),  where  A  and 
.  Fig.  43.  , 


100DO 
22300 
41)000 
C2500 
9000D 
IGOOOO 
250000 
360000 
490000 
640000 
1000000 

(63.)    This  table,  which  contains  the 
foci  of  a  complete  set  of  sapphire  micro- 
scopes, will  also  exhibit  the  amplifica- 
tion of  a  sinfjle  microscope  made  of 
^lass,  or  any  other  substance,  by  Anding 
its  focal  length,  and  observing  the  num- 
ber that  stands  against  that  measure. 
In  glass,  the  curvatures  being  required 
■o  much  greater  than  for  the  sapphire 
lenses,  to  produce  the  same  magnify- 
ing ptower,  very  few  have  been  made  to  - 
exceed  the  ,-,ih  of  an  inch  focus  when    B  are  the  two  lenses  fixed  on  each  side 
double  convex,  or  the  .-.th  of  an  inch    of  Oie  perforated  plate  o,  a.    The  dia- 
when  plano-convex.    In  mounling  the    meter    of  the   aperture  in    this  plate 
sapphire  and  diamond  lenses,  there  are     „hich  Dr.  Wollaston  found  to  answer 
advantages  which  glass  lenses   do  not    best,  was  one-fifth  of  the  focus  of  the 
possess.  Theu:extremehardnessenablea    combined  lenses,  and  the  visible  field  of 
them  to  be  burnished  mto  brass  setUngs,    view  was  about  20  degrees  in  diameter, 
which  IS  veiy  difficult  with  those  of  glass.        (65.)  h  has  l>eea  remarked,  that  by 
This  facility  of  mounting  renders  them    doubling  the  number  of  surfaces  in  this 
also  more  extensively  useful  m  expen-    combinalionalossoflight isoccasioned. 
mental  research,  from  their  capability  of    Xo  remedy  this  inconvenience,  and  at 

bpm<r  „™l,Prf  ,n  PV^«  ^n«,l,1^  »»v    »i.h      ,^g  j^^  (^^^  ^^,^j  ^^  jjjjjj,^  ^f  ^^^ 

tinct  vision.  Dr.  Brewster  has  ingeni- 
ously suggested  the  interposition  be- 
tween the  lenses  of  a  fluid  of  nearly  the 
same  refractive  power  as  the  glass.  This 
fluid  may  cither  be  oil  of  turpentine. 


CHaPTBRXI  l.—Periteomc  Microtcopet 
—Dr.  WoUa»lon'».—Dr.  BreioHerU 
—Mr.  Hericheft  for  Mineralogy. - 
Aplanatie, 
Amongst  the  various  conhivances  that    f^*^ 
have  been  employed  for  the  improve- 
ment of  the  smele  microscope,  by  di- 
minishing its  spherical  aberration  and 
increasing  the  field  of  vision,  the  fol- 
lowing deserve  jiariicular  attention : — 

(Ct.)  Dr.  Wollaslon,  when  treating 
of  the  single  microscope,  says,  "  The 
great  desideratum  in  employing  high 
mf^ifiers  is  a  sufficiency  of'^  light,  and 
it  i*  accordingly  expedient  lo  make  the 
aperture  as  large  as  is  consistent  with 
distinct  vision.    But  if  the  olgect  to  be 


cBstoroil.orCanada balsam;  orthes 

Ight  be  produced  more  perfectly 
by  grinding  a  groove  in  the  circum- 
ference of  a  sphere  or  thick  double  con- 
vex lens,  as  shown  in  section  /g.  43. 


Hi  rrUMctivH,  leli,  ToL  ui.  f.  37^. 
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(66.)  Dr.  Brewster  has  also  suj;- 
gested  another  improvement  in  this 
eombioatjon  when  we  wish  to  diminish 
the  aberration  of  colour ;  this  is  effected 
by  means  of  two  double  conveic  lenses, 
having  their  internal  surfaces  of  audi 
radii  as  to  form  &  concave  lens  in  the 

Sierture   at  the  centre,  which,  when 
led  with  afluid  of  a  difi^rent  refrac- 
tive and  dispersive  power  from  the  glass, 
shall  correct  both  kinds  of  aberrations. 
This  combination  is  shown  in  ^.  44. 
Fig.  44. 


(67.)  A  plano-convex  lens  is  well 
known  to  possess  only  one-fourth  the 
superficial  magnifying  power  of  a  double 
convex  of  like  ciurvature.  But  Dr, 
Brewster  has  proposed  a  method  of 
applyinglheformer  lens  so  as  to  produce 
tiie  same  ma^ifying  power  as  the  lat- 
ter, by  using  it  in  the  position  shown  in 
flg.Ai,  where  ABC  is  a  hemispheric 
Fig.  4S. 


at  the  surfitce  A  C.  In  this  lens  fiie  source 
of  error  which  arises  from  bad  cen- 
tering in  A  double  convex  lens  is  entirely 
obviated,  as  the  surfaces  through  whicn 
the  incident  and  emergent  rays  pass  are 
ground  simultaneously  in  one  tool.  To 
adapt  the  periscoplc  principle  (o  this 
lens,  we  have  only  to  remove  the  polish 
from  an  annular  spaee  of  the  plane  side 
to  exclude  the  lateral  or  obliquely  in- 
cident rMs. 

(68.)  The  reflecting  lens  ABC  Dr.' 
Brewster  also  proposed  to  be  employed 
as  a  diagonal  eye-piece;  for  it  may 
be  considered  as  composed  of  a  right- 
angled  prism  (shown  by  the  dotted  lines) 
A  B  and  B  C,  and  instead  of  en  ordinary 

C'sm  and  two  plano-convex  lenses 
fing  five  plane  surfaces  and  two  con- 
vex ones,  the  hemispherical  lens  has 
only  one  plane  side  and  two  convex,  thus 
avoiding  a  great  loss  of  light  by  reflec- 
tion fVom  such  a  numt>er  of  surAices. 


convex  lens  of  the  best  form  (that  is 
with  the  radii  as  6  to  1,)  but  in  its  worst 
position.  This  lens  is  to  l>e  employed 
for  that  next  the  eye,  as  A./g'.  46,  anda 
i^ig.46. 


cal  lens  ofhalf  an  inch  radius,  of  which 
the  inclination  is  as  shown,  with  a  mi- 
croscopic object  Rbefore  it,  and  the  eye 
placed  above.  Now  the  rays  issuing  from 
the  object  R  will,  after  refraction  at  the 
surface  B  C.  fall  upon  the  plane  side 
A  C,  where  they  will  be  reflected  up  to 
the  surface  A  B  and  auHer  a  second 
refraction.  As  the  incidence  of  the  rays 
upon  A  C  is  about  45°  when  the  lens  is 
hemispherical,  and  when  the  apertures 
are  small,  the  rays  will  alwavs  be  reflect- 
ed at  a  greater  angle  than  that  at  which 
total  reflection  takes  place,*  so  that  none 
of  the  rays  will  be  lost  by  transmission 


plano-concave  lens  B,  with  its  concave 
side  next  the  object ;  the  propor- 
tion of  the  foci  of  the  two  lenses  being 


tlHb    ««■.  niL.'nr.  tdLUI.  ^7>■ 


moderate  distinctness.  In  rearing 
glasses  and  mBe;nifler8  of  low  power, 
a  distinct  field  of  40°  on  each  sjde  the 
centre  may  be  obtained.  In  the  in- 
vestigations  of  Entomology  and  Mine' 
raiogy,  or  in  (he  examinations  of  Cryi- 
lals,  this  combination  is  of  great  value, 
from  the  extent  of  objects  seen  at  one 
view;  and  although  the  spherical  aber- 
ration is  increased,'  yet  by  the  contrary 
prismatic  refractions  of  the  two  glasses 
the  edges  are  nearly  freed  from  colour. 
(70.)  When  the  rigorous  destruction 
of  aberration  for  the  central  rays  is  re- 

•  13.3oa  lira«  jwilfr  lh>iii  IKm  of  >  linnle  Im.Df 
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quired.  Mr.  Hen^l  has  proposed  tha    proportion  oflto2,3,  when  the  abon^ 

__i___^ 1,;_„.;^-.  .K«~-  :„   *_.      lion  will  be  0,2481,  or  about  One  quarter 

of  an  equivalent  kns  of  the  best  form. 
Thii  combination,  which  is  ehown  in 
fig.  49,  has  likewise  the  advaat«Ke  of 
decreasing  the  distortion!  of  'he  object, 
Boddimiuuhes  the  prismatic  dispersion. 
J^.49. 


aplanatic  combinations  shonn  \5\  fgt, 

47aiid4S,  where  the  abetration  of  rays 

Figt.  47  tad  48. 

MTBlld  to  the  axis  ia  entirely  destroyed. 
The  lenses  C  in  ea^h  of  the»e  cases  are 
doutile  convex,  with  the  radii  of  their 
Hurboes  aa  1  to  6,  having;  the  mostcon- 
Tsx  side  next  the  eye.  The  radii  of  tha 
meniscus  lenses  D  D  are  in  the  first 
case  as  1  1o  1.70,  sod  in  the  other  case 
ai  1  to  3.957,  with  their  concave  sides 
exposed  to  the  object ;  the  fbcal  lengths 
of  the  two  lenses  in  fig-*^  are  as  10 
to  17.82,  and  in  fig.  48,  as  10  to  5.497. 
The  compound  focus  ofthe  knses  being 
e.407,  and  in  0^.48)  3.474. 

(71.)  The  superior  effect  of  these  two 
latts-  combinations  (which  offer  little 
impadiment  in  their  practical  construe' 
tiou)  has  been  sufficiently  tried  to  war- 
rant their  application,  where  the  ray* 
are  required  to  be  as  perfect  as  the  case 
will  admit.  As  object-glasses  for  com- 
pound microscopes  when  executed  of 
short  focus,  they  are,  in  many  respects, 

3ua]  to  an  achromatic;  indeed  quite  so 
ten  the  latter  has  only  the  same  aper- 
ture as  this  combination.  The  details 
of  their  application  will,  however,  be 
pointed  out  in  treating  on  that  instni- 

(72.)  In  the  construction  of  burning 
glasses,  this  combination  appears  from 
an  expoiiment  made  with  one  of  3-inch 
diameter,  by  Mr.  Herschel,  to  be  &r 
superior  to  a  singlelens,  as  the  tempera- 
ture was  raised  much  greater  than  by 
any,  even  of  the  best  form,  although  it 
is  certain  some  portion  of  heat  must  have 
been  lost  in  passing  through  two  lenses. 
Hence  it  is  evident,  that  by  far  the  greater 
portion  of  heat  is  lost  by  the  aberration 
ofthe  lens. 

(73.)  When  we  are  desirous  of  de- 
creasing the  aberration  in  a  lens,  Mr. 
Herschel  has  shown  that  by  employing 
two  plano-convex  lenses  of  equal  focus 
with  their  convex  sides  in  contact,  the 
aberration  wilt  be  only  O.603,  while  that 
of  a  lens  of  equivalent  power  is  unity. 

But  in  order  to  diminish  the  at)erra- 
tions  as  much  as  possible,  without  em- 

{iloying  a  correcting  lens,  the  foci  ofthe 
wo  plano-convex  leiues  ^ould  be  in  the 


€ 


Chapter  XIII. — Fluid  and  tingle 
Beflecting  Microscopet, 
(74.)  Fluid  microscopes  have,  in  the 
absence  of  more  permanent  instruments, 
been  resorted  to  with  unexpected  suc- 
cess. The  first  account  of  these  mi- 
croscopes is  given  in  the  Philotophtcat 
Transactions^  by  Mr.  Stephen  Grey. 
They  consist  of  a  drop  of  water  placed 
in  a  perforated  plate  of  brass,  the  edges 
of  the  hole  being  made  as  thin  as  pos- 
sible by  forming  a  cavity  on  each  side 
of  the  plate,  so  that  the  fluid  forms  a 

Dr.  Brewster  has  proposed  other 
fluids  in  the  place  of  water,  to  render 
fluid  microscopes  more  perfect.  The 
disadvantages  attendant  on  employing 
water  is  its  low  refractive  power  and 
speedy  evaporation,  by  which  (heirfocal 
length,  and,  consequently,  their  power, 
are  continually  varying.  In  place, 
therefore,  of  this  fluid  he  employs  sul- 
phuric acidt  or  castor  oil,  both  of  which 
possess  a  re&active  power  consideraljly 
greater  than  water.  And  as  far  as  their 
optical  properties  are  concerned,  oil  of 
ambe)^;riese  or  alcohol  might  be  used, 
but  their  volatility  renders  Lhem  less 
manageable. 

(75.)  Dr.  Brewster  describes  the  fol- 
lowing as  the  best  method  of  construct- 
ing fluid  microscopes : —  Take  Canada 
busam,  balsam  of  capivi,  or  pure  tur- 
pentine varnish,  and  drop  either  of  them 
on  a  parallel  piece  of  gloss,  when  a 
plano-convex  lens  will  be  formed,  (see 
fig.  50.)    Their  power  may  be  varied  by 

•  PMlaiiiphio^  TTWltrliiKU.  Ko.  tSl  hU  !S3.  or 
Dr.  itmitk'.  Uylici.  I-ol.  li.  p.  39i. 

I  It  ilieulil  btobMrred,  thst  ■  ntinf  lulpburin 
*eid  ciut  an  moil  bi  hid  to  prereat  in  onuet 
Willi  th<  tjr,  H  it  oif kl  daitrsf  llwt  oifso. 
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Om  ^intity  of  the  fluid  employed,  or  by 
ftllDning  the  plate  of  gloss  to  be  horizon- 
tal with  the  drop  above  or  beneath  it ; 
thus  if  the  plate  l»e  uppermoat,  the 
gravity  of  the  fluid  will  make  it  more 
eonrex,  as  in  Jig.  s  I.  If  the  drop  be 
«bove  the  plate,  the  lena  will  be  flat- 
tened, u  iajig.  52. 
Pig.  50.' 


Pig.  51. 


Fig.  52, 

"When  the  first  of  these  substances 
is  used  it  sooii  becomes  indorated,  and, 
if  kept  from  duat,  very  durable.  Dr. 
Brewster  informs  us,  that  he  has  made 
both  object  and  eyC'lenses  of  compound 
microscopes  in  this  mamter,  which  per- 
fbnned  eitremely  nell,  and  lasted  aeon- 
Eiderable  time. 

(76.)  A  single  reflecting  microscope 
m&y  be  formed  by  a  concave  speculum, 
having  the  object  placed  on  its   axis, 

and  nearer  to  the  surface  of  the  reflector  nified  representation  of  the 
than  the  focus,  as  at  a,  ^.  53,  when  image  is  obtained.  The  distance' 
an  enlarged  view  of  the  o^ect  will  be  which  the  two  lenses  of  a  compound 
foraKd  in  the  same  position  as  the  oti-  microscope  are  placed  from  each  other, 
ject  at  b.  This  sim[de  instrument  is  must  always  exceed  the  sam  i^  their 
employed  to  enaUe  a  person  to  view  focal  lengths,  in  order  that  the  ima^ 
his  own  eye,  and  show  a.  magnified  may  be  fonned  by  the  object-glass  m 
representation  of  the  ramifications  of  the  anterior  focus  of  the  eye-glass. 
the  blood  vessels,  the  pupil,  and  ttie  iris.    Fig.  54  is  a  section  of  a  compound  in- 

When  the   object  is  placed  between    strument,  r  is  the  object  intended  to  t>e 
tfa«  focus  and  the  centre,  an  enlarged     magnified,  which  is  {daced  In  the  focus 
Fig.  55. 


bnHge  thereof  may  be  formed  on  K 
screen  or  wall,  but  the  image  will  be  in- 
verted with  respect  to  the  oUect,*  and 
when  the  object  is  not  very  luminoni, 
the  room  ^ould  be  daitened. 
CsAPTsa  XIV.— raeory  of  Con^Mund 
Microtcaiei . —  Mechantcal  arrange' 
ment»  of. — Et/epieces. — Magnifyrng 
power*  of.-^Olgeet-gkiitet. — Dr.  Go- 
rings.— Mr.  TuU^S.—  M.  Cheva- 
lier'*.— S.  AmicCt.—Mr.  Hertcketg, 
— Dr.  Breujster't. — The  AmieianBe- 
Jlecling  Microscope,  vnth  its  Improve- 

(77.)  A  COMPOUND  refracting  micro- 
scope is  an  instrument  consisting  of 
two  or  more  convex  lenses,  hy  one  of 
r-hich  an  enlaced  image  of  the  object 
id  formed,  and  then,  by  means  of  th« 
other  employed  as  an  eye-glass,  a.  mag- 


S«p.). 
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e,  bv  which  the  diverging  rays   from  wxok  the  lower  etagd  plaf«,  bnt  iX 

the  ima^  are  rendered  parallel,  in  the  tight  angles  to  the  upper  ptate.   In  this 

same  manner  as   when   a   single  lens  way  any  position  can  he  pven  to  the 

was    employed  to  magnify  an  object  object,  by  turning  first  the  one  and  then 

Hence  the   great  distinction,  as  liefore  the  other  screw.     Different  mechanical 

observed,  between    single    and    com-  means  have  likewise  been  resorted  to 

pound  microscopes  is,  that  in  the  latter  for  eflEeclin^  the  same  purpose.    But 

we  only  view  a  magnified  image  of  the  when  live  objects,  as  ammaleultB,  are  to 

object,  while  in  the  former  we  see  the  be  examined,  it  is  preferable  to  maka 

object  iUelf.    From  this  it  must  be  evi-  the  stage  a  fixture,  and  to  move  the 

dent,  that  unless  the  image  formed  by  mat^ifier  over  the  objects,  as  the  most 

the  object-glass  is  a  perfect  rejiresenta^  trifling  motion  will  olten  disturb  them 

tion  of  ttie  object  in  every  particular,  its  for  a  considerable  time. 

imperfections,  however  small,  will  be  (BO.)   Microscopic  eye-pieces  may  be 

increased  by  the  eye-glass,  in  the  same  constructed  in  the    same    manner  as 

ratio  as  we  magnify  the  ima^,  or  in-  those  used  for  telescopes,  ($  23,  43 — 

versely  as  the  focal  ten^h  ol  the  eye-  45}  ao  as  to  correct  the   spherical  and 

glass.  chromatic  aberrations.    But  as  the  rays 

With  this    disadvantage    the  com-  proceed  from    an    object   lens    whose 

fiound  instrument  had  been  entirely  apertm«  is  less  than  the  field-glass,  the 
aid  aside,  by  tlie  most  distinguished  distances  of  the  two  lenses  will  differ 
naturalists  and  philosophers  in  their  in  a  small  degree  fi^m  those  employed 
experimental  researches,  till  very  re-  for  telescopes ;  this  will  also  be  the  case 
cently.  For  popular  and  general  appli-  if  the  distunce  between  the  ot^ect-glass 
cation  it  is  preferred,  on  account  of  the  and  eye-piece  of  a  microscope  be  varied, 
extent  of  field  obtained  by  it,  which  (81.)  If  the  field-glass/  (Jig.  54) 
is  far  greater  than  that  obtained  hy  or-  were  exactly  in  the  focus  of  the  eye- 
dinary  single  glass  lenses  of  equivaleri  glass  e,  it  would  have  no  effkct  on  the 
power;  and  for  these  purooses  thwe  magnifying  power  of  the  microscope; 
u  usually  introduced  a  field-glass/,  by  in  this  case  the  amplification  of  an  ob- 
which the  extent  oftheviewia  increased  ject  might  be  determined,  by  dividing 
fi^m  a  a  to  i  i,  by  the  rays  being  bent  the  distance  ti^m  the  ohiect-glass  M 
tiy  this  lens  so  that  a  greater  portion  which  the  image  is  formed  by  the  dis- 
may be  refracted  by  the  eye-glass  e.  tance  'of  the  object  from  that  ^as«, 
(rs.)  The  compound  microscope  which  gives  the  diameter  of  the  image; 
may  be  mounted  nearly  in  the  same  by  multiplying  this  number  by  the 
mAmer  as  the  single,  or  mdeed  the  same  power  of  the  eye-glass,  we  obtain  the 
stand  may  be  employed  for  both.  Fig.  magnifying  power  of  the  instrument. 
55  is  a  compound  microscope,  having  Example:  let  the  sidereal  focus  of  the 
all  its  moveable  parts  sliding  on  a  tri-  object-glass  be  one  inch,  and  the  dis. 
angular  bar  a,  which,  from  its  mecha-  tance  o  i  be  6  inches ;  then  6  -i-  I  =  6,  ' 
nical  properties, is  better  adapted  for  a  and  6x5  (the  power  of  the  eye-lens 
microscope  than  any  other  form,  pro-  e  of  two  inches  focus)  will  give  30 
vided  the  sliding  pieces  are  sprung  on  times  as  Iha  increase  in  the  diameter 
one  side  only;  o  is  the  compound  body,  of  the  oWect,  or  900  its  increase  in 
o  the  object  end,  x  the  slider  attached  surface.  But  here  we  have  divided  by 
to  the  stage,  c  the  condensing  lens,  andV  one  inch  the  sidereal  focus  of  the  ob- 
therefli;ctorwithaAooft'*yoin(«dhandle.-  ject-lens  ;  this,  however,  would  not  be 
(7S.)  With  the  instrument  just  de-  ita  focus  when  it  has  to  form  an  image 
scribed,  in  order  to  bring  the  various  at  6  inches  distance  on  the  otha  side, 
parts  of  the  object  under  the  magni-  but  to  obtain  distinct  vision  the  ob- 
fier,  the  body  of  the  instrument  is  ject  will  require  to  be  1 1  from  the  lens, 
moved  by  a  rack  and  pinion  working  (see  40.)  this  would  reduce  the  actual 
a  triflngular  bar  at  right  angles  to  the  magnifying  power  to  2S,  or  625  in 
bar  a,  though  it  is  oflen  preferred  to  surface. 

move  the  stage,  as  being  of  the' least  (62.)   Having  thus  shown  how  the 

weight;  for  whith  pm^se  it  is  made  power  of  a  compound  microscope  may 

to  consist  of  three  plates :  the  upper  be  obtained  with  only  tuv  glasses,  it  is 

one  carries  the  holder  for  the  sliaers,  necessary  to  point  out  the  means  of 

and  is  moved  across  the  middle  plate  determinmg  the  ampliBcation  when  a 

S' means  of  a  screw;  while  the  mid-  /eU  lens  is  introduced.    If  we  proceed 

e  plate  i*  moved  in  ft  Ntmlar  mauDer  (or  this  puipose  by  calculation,  the  pro. 
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'  een  will  be  ntlMr  complex,  and  unlesi 
the  data  axe  very  accurate  the  result 
will  be  incorrect ;  these  ^ta,  which  are 
the  foci  of  the  serer*]  lenses  and  their 
ilistuicei  ftrom  «aeh  other,  offer  many 
practical  difficulties.  We  shall  therefore 
describe  a  practical  and  simple  method 
by  trtuoh  it  may  be  found  with  equal 
accuracy ;  rather  when  the  instrument 
is  a  compound  r^ratior,  or  rdUetor, 
of  any  construction.  This  novel  mode 
of  Dr.  Goriiie,  for  determining  the  am- 
plification of  a  microscope,  is  as  fol- 
lows y—At  the  aperture  of  the  otjeet- 
glat*  or  nuUd  u  to  itt  acting  fw^, 
mtantred  frmn  the  rOditmt  point,  (i.  a. 
distance  of  the  object  from  the  lens 
irtten  saen  distinctly,)  to  it  the  tixe  of 
itt  vUuai  pencil  <t.  e.  the  small  drcle 
of  li^t  described  in  $18)  to  the  foeut 
o/a  tingle  lent  equioaient  in  power  to 
the  compound  irutrument. 

By  this  method  the  sidereal  focus  is 
not  required  to  be  known  for  any  of  the 
lenses,  however  numerous ;  the  acting 
focus  of  only  one,  rii.  the  object-glass 
or  metal  must  be  ascertained ;  and  then 
by  measuring  its  true  acting  diameter  or 
aperture,  tocher  with  the  diameter  of 
the  small  pencil  of  light  seen  through 
the  eye-^ass  when  the  observer  ia  at  a 
Uttle  distance  from  it,  the  whole  ia 
accomplished.t 

(S3.)    The^e-pieces  of  some  com. 

Kund  microscopes  consist  of  four  or 
e  glasses,  the  makers  having  consi- 
dered  (he  perfection  of  the  instrument 
to  consist  m  obt^ning  a  Ai/  and  enlaiged 
field  of  view  with  a  high  power  and 
shallow  object-glass ;  but  the  brilliancy 
and  sharpness  of  the  image  is,  how- 
ever, destroyed  by  this  arran^ment, 
and  the  introduction  of  considerable 
fog  and  flare  ia  occasioned  ty  the  re- 
flection of  30  many  surfaces :  for  it  may 
be  remaiked,  that  each  surface  will  pro- 


dtiee  a  reflected  image  of  ttie  oUect  in 
the  axis  of  the  instrument,  and  thus 
occaaion  a  dorit  and  undefined  spot  ia 
the  middle  of  the  object,  while  the  edgn 
aretHiKhtand  fringed  with  colour;  Irom 
these  defects  the  instrument  is  rendered 
nnfit  for  the  vision  of  all  but  the  most 
common  objffits,  and  these  cannot  be 
seen  of  their  natural  figure.  One  of 
these  (fe-pieces  is  shown  at  fig,  9S, 
J^g.5G. 


where  £  E  are  the  eye  and  F  F  the  field 


(84.)  The  brightness  and  jMfufniA'oit 
of  compound  microscopes  will  be  in 
proportion  to  their  apaluret  under  a 
given  focus,  from  which  circumstance 
Uie  improvement  of  the  instrument  will 
always  he  as  the  angle  of  aperture  of 
the  object-glass  free  from  aberration. 

When  a  single  plano-convex  lens  of 
about  half  an  inch  focus  ia  used  aa 
an  object-glass,  the  aperture  must  be 
about  the  i^th  of  an  inch,  with  the 
flat  nde  outermost ;  but  if  we  employ 
ttt?o  lenses  to  produce  the  required  re- 
fraction, Iha  aperture  shotila  be  be- 
tween them,  which  may  be  made  larger 
than  can  be  employe  with  a  single 
lens  of  equivalent  power.  The  mo^ 
advantageous  combination  of  convex 
lenses  tor  low-powered  object-glasses, 
is  that  contrived  by  Dr.  Goring,"  and 
■hovrn  in  Jig.  ST.  The  outer  Jena 
Ftg.  S7. 


•  Qmrltrtf  JemnMl, 


a  is  plano-ooiivex,  with  its  flat  side 
next  the  radiant,  whose  focal  distance 
is  1  or  i  of  the  crossed  or  plane  lens  e ; 
the  stop  d  is  placed  in  the  focus  of  the 
lens  a  i  when  the  focus  of  the  lens  a  is 
not  less  than  }  an  inch,  the  combina- 
tion has  been  employed  with  consider- 
able advantage  both  as  regards  distinct- 
ness and  aperiure. 

(85.)  Themost  improved  olgeot-glasses 
for  compound  microscopes  are  those 

'  •QurWr'iiJMnul,  Tfl.jiTlLp.su. 
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that  are  renderad  udiroinatic,  ti  &  mudi 
luger  uigle  of  aperture  can  be  obtained. 
These  were  first  constructed  at  the 
iMffltestion  and  expense  of  Dr.  Qorin^, 
tyMr.W.Tully,  in  the  »umin«  of  1824.* 
and  more  recently  in  France,  by  M. 
Chevalier.t  The  apl»°*'*=of  MrTidiy 
eonsists  of  a  concave  of  Guinard'a 
flint  glass  placed  between  luo  convex 
lenses  of  eroum  and  Dutch  plate  elais. 
The  apertures  obtained  in  these  olgect- 
glassex  are  equal  to  half  their  focal  dis- 
tances, which  are  firom  0.3  to  l.D  inch 
focus.  By  the  increase  of  aperture 
which  is  here  attainable,  the  penetralini 
power  is  augmented,  so  that  the  varied 
markings  on  ol^ects  are  rendered  visible 
with  these  large  uiertures,  which  with 
common  object-glasses  of  the  same 
power  an,  wholly  undiscemible.  This 
property  of  the  penetration  of  a  micro- 
scope Ming  always  as  the  angle  of 
aperture,  was  first  pointed  out  by  Dr, 
Goring,  and  Is  fblly  borne  out  t:^  er- 

Kriment.  In  the  telescope  the  pene- 
Jingpo*er  necessary  to  observe  ttan 
and  ntbala  is  dependent  on  the  area  of 
the  Direct- glass  or  metal,  without  rela- 
tion lo  its  f^TCal  distance ;  but  in  the 
Microscope  it  is  the  result  of  the  aper- 
twe  inpropoTii'oH  to  ihdt  fbotd  ttittarux. 
■*"     ■■ffii.'uJties  that  present  themselves  \ 


Bpedfic  gravity  of  crown  2.S27I 
Thickness  of  ditto  O.IS  J 

Specific  gravity  of  flint      3.6271 
iliicliness  of  aitto  0.164f 

Specific  gravity  of  Dutch  2.519) 
Thickness  of  ditto  O.I7iJ 

(86.)  The  object-glasses  of  M,  V.  Che- 
valier are  constructed  on  the  principles 
laid  dovrn  by  Euler,*  and  consist  of  a 
double  and  equally  convex  lens  of  plale 
glass  cemented  to  a  plano-convex  ol 
Guinard's  flint.  The  construction  is 
remarkably  simple,  the  radii  of  all  Uieir 
surfaces  being  alike.  The  measures  of 
one  of  these  achromalics  obtained  by 
Mr,  Lister  are  as  follows  :--This  object- 
glass  is  shown  in  section  at  fig.  59,  of 
twice  its  real  siie. 


flg-.  SB. 
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ably  increased,  though  their  penetrating 
powers  are  alwayS  improved Vy  a  dimi- 
nution of  their  focal  length.  Tile  sphe- 
rical aberration  is  greater  and  mora  diffi- 
cult to  correct  thai)  In  telescopes,  (the 
convex  seldom  having  sufficient  aberrv- 
tion  to  correct  the  concave,)  and  as  the 
n.y»  enter  diverging  from  the  object.  Hie 
caJculations  of  their  tadii  are  more  ab- 
struse than  in  a  telescope  for  parallel 
rays.  The  curvatures  and  dimensions  of 
one  of  Mr.  Tuliy's  olject- glasses  are  as 
follows,  and  Jig.  58  is  a  section  twice 
its  real  aiie. 

Sidereal  focus  of  the  otject-glasi  0.933 
Total  diameter  of  the  lenaea  O.SS 

Clear  aperture  Oift 

Radius  of  1st  inr&ce  D.823ieonvex. 
Ditto         Snd  O.saSfcrown 

Ditto         Sid  O.S     iconcave 

Ditto       4th  0.S     Jflint 

Ditto        Sth  0.975  iconvex 

Ditto        6th  0.579  jDutch  plate 


>D.072 


JSTSi 


/nrMj,T^n 


Radii  oF  the  isosceles  convex  0.fi6 
Radius  of  the  plano-concave  flint  0.66 
TliickneBs  of  the  concave  at  the  i .  ... 

edre  J  ■ 

T1iicKne«B  of  the  convex  at  the 

Diameter  of  the  lenses  0.36 

When  these  object-glasses  came  first 
into  this  country,  although  achromatic, 
and  two  of  them  were  combined,  which 
is  a  considerable  improvement  on  the 
single  ones,  they  could  not  shovi  the 
test  oWects,  the  aperture  being  cut  off  by 
asmHUstop;  but  on  removing  this  stop 
Dr.  Goring  was  enabled  to  make  them 
effective  on  most  of  them. 

(87.)  The  comUnation  of  three  ««(*  of 
achromatic  lenses  for  an  obiect-glasa 
has  recently  been  executed  by  Professor 
Anuci,  who,  in  order  to  have  the  4>ody  of 
the  microscope  horizontal  and  ot^ect- 
slasses  verticat,  introduces  a  ri^ht  angu- 
lar prism  to  change  the  direction  of  the 
rays,  as  at  P,j^.  28.  But  the  introduc- 
tion of  so  many  surfaces,  ni.  fifteen, has 
a  tendency  to  weaken  the  outjine  of  the 
objects.  Mr.  Dollond  has,  however, 
lately  combined  two  triple  object-glasses 

*  TKii  amrr  mi  pnbliilwd  •■  S\.  I^Unbirg.  i* 
ITTt,  ud  luAjn  AiBtIittinJtUSiititlt€lim- 
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of  ona  inch  focoa,  ud  «bout  half  ao  necetMiy,  fixed  to  it,  tha  m  of  tht 

incii    aperture,    which    perform    ex-  microscopa  and  the  leni  i*  then  brought 

tremely  well :  they  can  alio  be  used  into  contact  with  the  fluid  in  the  vea 

separately.     It   is  necessary  for  u«  to  sel.     The  raya  which  diierKe  from  tha 

r«nark  here,  that  aa  the  ray  after  paas-  otgect  emerge  directly  from  tha  fiuid 

Ing  through  the  first  aplanatii!  combina-  into  the  object -glaas,  and  thercfoi«  suf 

tion  is  in  a  iKfiferent  state  to  what  it  is  fer  a  less  refi-action  than  if  it  had  been 

on  entering  the  second,  due  correction  madefrom  air;  but  tiie  focal  length  of 

ought  to  be  made  when  these  glasses  are  the  lens  is  very  little  increued  :"  as  tiio 

intended  to  be  used  separately  and  com-  radius  oftheimmersed  surface  ahould  be 

bined ;  indeed,  in  those  of  short  focui  about  9  times  its  focal  distance,  and  the 

such  correction  is  absolutely  requisite,  side  next  the  eye  (or  field  lens)  about 

■o  that  if  they  are  perfect  when  com-  three-flflhs  of  the  same  distance. 

imrd,  0%  one  can  tie  so  if  employed  (90.)    This  method  of  fitting  up  and 

■ingly.   When  &  triple  one  and  a  double  using  a  compound  microscope,  says  Dr. 

one    are    eombinea  the    performance  Brewster,  enables  us  in  a  simple  manner 

seems  best  of  all.  to  render  the  object-glass  achromatic, 

■  <B8.)    If  we  are  desirous  of  pro-  without  the  assistance  of  ary  additional 

ducin^  an  aplanafie  object-glass  with-  lens.    This  may  be  effected  by  employ* 

outusmgtiie  achromatic  combinations  ing  a  fluid  whose  dispersive  power  ex> 

ftbore  described,  that  of  Mr.  Herachel,  coeds  that  of  the  object-glasi,  and  by 

In  ^.  48,  will  be  found  of  great  value,  accommodating  the  radius  of  the  ante- 

u  it  is  five  firom  all  apherieal  aberration  rior  surface  of  that  lens  tothe  difikrvnee 

in  the  axis.     One  has  been  executed  of  their  dispersive  powers,  the  image 

(which  is  in  our  possession)  of  only  will  then  be  formed  n^fVom  any  of  the 

one-sixth  of  an  inch  focus,  with  on  primary  coloura  of  the  spectrum.     The 

sperture  of  the  ,',th  of  an  in<:}i,  which  fluids  most  proper  fbr  this  purpose  are 

brings  out  all  the  tett  o^'eett  and  ex-  Oil  of  cassia. 

hibits  opaque  ones  with  facility.     This  anise  seeds. 

combination  is  made  of  crown  riass.  cummin. 

When  it  is  not  thought  adyisahle  to  cloves. 

employ  a  correcting  lens,  (t,  e.  one  with  — sassaftas. 

a  concave  surface,)  it  must  be  evident,  . sweet  funnel  seed) 

from  what  has  been  stated  respecting  spearmint 

single  microscopes,  that  the  diamond  pimento. 

or  sapphire  will  be  the  most  aplviatie  In  order  to  render  Qie  ol^ect-glaas 

as  an  object  lens.  aehromalie,  when  it  is  made  of  crown 

(89.)    A  compound  microscope  for  glass,  and  tiie  fluid  in  which  the  objects 

viewing  otgecta  of  natural  history  has  are  immersed  is  oil  of  cassia,  the  radius 

been  proposed  by  Dr.  Brewster.     In  the  of  the  surface  next  the  object  should 

ordinary  instrument,  from  the   objects  be  to  that  of  the  surface  next  the  eye, 

being  employed  in  a  dry  or  shrivelled  as2.5  to  1,  or  the  radiimay  be  made  aa 

state,  their  "  natural  polish  and  bril-  S.2  to  1,  and  the  dispersion  of  the  fluid 

liancy  is   impaired  ;    the  minute  parts,  let  down(t)y  any  of  the  other  oils  which 

such  aa  the  hairs  aiid  down,  adhere  to  are  here  placed  in  the  order  of  their  dis- 

one  another,  and  the  general  form,  as  persion)  till  the  chromatic  aberration  is 

well  aa  the  disposition  of  its  individual  cotrected. 

nuts,  can  no  longer  be  distinctly  seen."  (91.)   Compound  microscopes  have 

To  remedy  these  cttfeds,  "  several  small  been  constructed  of  almost  every  pos- 

ctaBs  vessdi  must  be  provided,  haviof  sible  dimensions,  from  a  few  inches  in 

(bflbrent  depths  frun  1  to  3  inches,  and  length  to  that  of  20  feet;  butfWimprac- 

having  tbeir  bottonu  composed  of  a  Ileal  experience  it  appears  evident,  that 

piaoe  of  flat  glass,  tat  Ibe  purpoie  of  when   their  magnitude  is    augmented 

admitting ft«er^ the  reflected  ligbtwhich  beyond  a  certain  pamt  the  performance 

is  intended  to  illuminate  the  object."  of  theinslrument  isdeteriorated,though 

"The  objects  to  be  viewed  must  be  pra-  we  suppose  the  amplifying  power  of  both 

served  in  a  fluid  whicdi  will  cause  tusBX  microscopes  the  same  i  indeed,  those  of 

to  retain  their  plumpness  and  iaipart  the  larger  description,  which  have  been 

tiiat  fivehness  ot  colour  which  they  made  to  examine  otnects  of  eonsidei«ble 

possessed  when  ahve;  these  with  ttie  dimensions,  cannot  be  considered  of  any 

fluid  are  to  be  pot  into  the  vessel,  "  and  use  except  fbr  amusement,  'nie  reason, 

Mog  placed  upon  B  glass  stage,  or,  if  however,  why  the  smaller  instnunent 


iiized  by  Google 


4B  OPTICAL  INSTHtlMENTO. 

produces  a  beUer  reprawnUtion  of  the  toade ;  this  induced  flie  itatmlilction  of 
olject.  has  not  been  determined  ;  for  in  the  Amicitn  construction  into  England, 
both  instruments  (mathematically)  the  Butnhen  carefully  made  of  thepropor- 
proportional  errors  are  the  same,  but  it  tion  here  stated  it  only  equalled  the  cam- 
may  be  that  the  errors  in  the  smaller  pound  refractinr  initruments,  and  like 
instrument,  though  exiatinKi  are  not  so  them  it  was  unable  to  show  the  delicate 
divided  aa  to  be  discoTerable  to  the  or-  maikingson  various  test  objects,  porticu- 
gau  of  vision.  At  present  no  certain  pro-  lariythelines  on  the  dust  from  the  wings 
portion  between  the  leazth  of  the  body  of  a  certain  class  of  moths  and  butter- 
of  the  instrument  and  Ine  focus  of  the  flies.  Thia  instrument,  howeva',  has  since 
object-glass  has  been  determined,  ez-  -  been  improved  in  this  countiy,  so  aa  to 
cept  that  the  body  requires  to  be  length-  show  in  a  distinct  andsatisfactorvmsn- 
enednhenthefocallen^of  the  object-  ner,  free  from  chromatic  and  spnerical 
glass  is  increased,  to  give  its  maximum  aboration,  almost  eveiy  class  of  test 
effect  "Die  average  fenglh  oflKidyfor  objects.  These  improvements  were  made 
different  object-glasses  is  from  five  to  W  Mr.  Cuthbert,  under  the  direction  of 
ten  inches ;  forwnen  the  rays  after  once  Dr.  Goring.*  The  most  important  im- 
being  acted  upon  are  allowed  to  travel  provement  is  the  formation  of  the  con- 
any  considerable  distance  to  form  the  cave  metal  of  very  short  (Ocal  distance, 
image  in  the  focus  of  the  eye-piece,  they  whereby  less  aasisUnce  is  required  from 
trill  be  so  mudi  separated  and  weak-  the  eye-glass  to  obtain  the  required 
ened  that  theeye-piece  will  not  be  able  power,  wmie  its  aperture  is  increased  to 
to  collect  them  truly.  And  it  may  be  more  than  half  the  focal  distance ;  thus 
further  remarked,  that  the  power  should  an  increase  of  penetrating  power  is  ob- 
always  beobtainedtiytheotiject-Elassin  tained.  In  the  original  Aniicisn  con 
preferencetotheeye-piecejandalthough  struction, the  small  flat  metal  occui^ 
It  is  well  known,  that  a  fiat  and  more  so  large  a  portion  of  the  central  pen- 
e&Lended  field  is  obtained  by  the  latter,  cils  of  rays,  ai  to  produce  a  kind  of 
yet  when  these  are  procured,  no  distinct  nebulosity  around  the  object,  the  image 
iTtea  of  the  structiu^  of  the  object  is  being  formed  on  the  retina  of  the  eye 
discuierable,  and  thus  the  very  infen-  by  a  narrow  ring  of  reflected  light,  as 
lion  of  the  microscope  is  destroyed,  represented  at  fig.  GO.  In  Goring'a 
which  ought  to  unfold  to  our  perception  improved  construction  the  small  metal 
the  natm^  and  functions  of  oodies  too  is  lessened,  and,  consequently,  it  does 
minute  for  ordinaiy  inspection.  not  occasion  so  much  impediment  to 
<92.)  The  Amiciau  reflecting  micro-  the  coitral  rays  as  shown  at^.  ei. 
scope  was  invented  at  Modena,  by  Pro- 
fessor Amid ;  it  consists  of  a  concave  i^.  60.  J^.  61, 
ellipsoidal  reflector  whose  focal  distance 
is  2,V  inches  with  an  aperture  of  one 
inch.  In  the  axis  of  this  teflector,  and  at 
about  half  its  focal  distance,  is  placed  a 
small  flat  reflector  whose  surface  forms 
an  angle  of  45°  with  the  axis  of  the  in- 
■trument,-  (similar   to    the    Newtonian 


l-^.  Of.  .1^.  oi. 


tion  of  this  Engiteope,*  ifig. 

the  otgect  opposite  the  flat 

metal  e,  and  in  the  focus  of  the  ci 


ine  locus  01  uie  concave reuecior.'  j.ne  _ii:„,„;j„i   „„(„i   j     ,i.      -Z.  ZJ^ 

™,!,  lOter  Miction  from  Ihe  «»«„  SK'S'.uTIS.  i„       ?^!f  w 

oJli,  form  .n  imam  of  (he  obiat  in  SSf'fk?,' "J."  '°T,  ,  S" 

Yimd  by  «.  eyepiece  .ttachnl  to  tie  SySS^S^.'^SSfi""  <«tl">lmeMof 

lube  ,1  Soul  8  in&ie.  fh>m  the  meM.  ^.°T^  "  •¥"'jl,'7  ?"?'/''  J  ■?£ 

Thepa(orm«ueeoflMsin.trumeol.u  ».dp™«,.lt«ibed^ll.etube.lnglil 

pound    ranOif^     m.cro».p«s    the.  p„,  „„  i„  o^  ,^1^.  jlJr  n.uJ  .per- 


i^Uiff 


turn  and  fbci  are  u  foUowi  :— 

ttQmarUrbtJnrwat,yel.m.f.U- 

Ml  tn—  bu  btn  .ppliHl  ij  Di.  Oanrng  K 

MM  ■  BJOWK^  iMl1Mfrlwil!V%, 
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Chaptup  XV.—Tett  OtjeeU.—Opaqw 
MieroKope.  —  Solar  Microtcope.  — 
/mprovaa. — LucemiU. — Magic  Lan- 
tern.— Phcmtatmagoria. 

(93.)  r«(  objeeU.—lt  is  perhi 


whether  it  will  be  efficient  for  the  pur- 

Kses  intended.  This  can  only  be  known 
,  its  capability  of  exhibiting  those  ol>' 
jects  submitted  to  it :  till  veiy  recentlj 
it  WH3  not  ascertained  that  certain  ob- 
jects, in  order  to  render  their  varioiu 
markinzs  or  texture  distincUy  apparent, 
required  the  instrument  to  be  of  the 
best  construction,  whether  single  or 
compound,  end  possessing  a  consider- 
able quantity  of  distinct  nght.  These 
oljec^  have  therefore  been  denominated 
tetm,  by  their  discoverer.  Dr.  Goring. 
In  order  that  our  readers  may  be  able 
justly  to  appreciate  the  efficiency  of  an^ 
microscope  that  may  come  within  their 
observation,  and  determine  its  penetrai' 
ing  and  defining  powers,  whether  the  in- 
strument  be  smgle  or  compound,  w« 
shall  describe  the  principal  test  objects 
necessary  for  that  purpose.  The  olgects 
best  adapted  fo  determine  the  pene- 
trotinff  power,  are  the  dust  or  scales  from 
the  wings  of  certain  classes  of  FapiUo, 
(butterflies  and  moths,)  Of  these  the 
Mendavt,  shown  in  fig.  G3  and  64 
(magnified)  is  a  very  useml  ol^ect.  The 
dust  from  the  under  side  of  the  wing  of 
the  male  papilio  brassica  (white  cabbage 
butterfly,)  shown  in/f.  65,  is  a  good 
proof-oDJect,  and  a  very  peculiar  one  of 
the  same  kind  is  shown  in^,  GG,  (both 
magnified.)  In  viewing  these  objects  a 
lar^  angle  of  aperture  is  required  (at 
least  equal  to  half  Uie  focus,)  in  order 
that  the  lines  and  markings  may  he  dis- 
tinctlyaeen.  There  are,  however,  many  of 
the  scales  from  some  kinds  of  papilio, 
on  any  of  which  the  lines  can  be  seen  by 
an  ordinaiy  instrument.  But  the  objects 
here  selected,  as  well  as  the  lines  on 
the  scales  from  the  rmall,  brown,  houte 
molh;  the  lines  on  the  scales  taken 
from   the    foreign  curculio    (diamond 


of  the  greatest  requisites  in  the  selection    beetle)  ifig.  67,)  require  a  more  peifect 

of  B  microscope,  to  be  able  to  ascertain    instrument  to  develope  them.     Lastly, 

Hg.ea.     Fig.67.         Fig.  66. 
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tha  moit  Afflcnlt  of  all  the  teit  ob-  be  pranounoed  egeetive.    It  should  b« 

Sects  are  the  lines  on  the  scale*  &om  remarlted,  that  when  the  objecta  are 

the  Padura  tpringfaU,    receDtly   dis-  used   as  opaque,    a  smaller  aperture 

Gorered  by  T.  Carpenter,  Enq.,  and  on  mil  do  best,  vix.  about  {  of  its  focus, 

which  the  markings  are  only  just  dis-  (for  any  power  less  than  300  deeimal 

oemible  by  the    moat  perfect  instru-  rAvufaraJ  but  the  magnifier  requires  to 

ments.    When  the  penetrating  power  be  more  freb    from  aberrations.    For 

ifl  thus  ascertained,  its  defining  power  transparent  objects  a  larger  aperture  is 

may  be  determined  by  inspecting  a  leaf  absolutely  necessary;  and  ior  %axae  tetU 

of  me  moss  of  a  species  of  the  genua  it  should  be  equal  to  its  focal  distance, 

%p««m,' which  requires  a  considerable  to   show  the  cross   striee  between  the 

penetrating  as  well  as  dtflning  power,  lines  on    many  of    the  scales,   when 

fully  to   develope   the   loienges  which  the  power  of  the  instrument  or  lens  is 

constitute  its  fabric,  making  out  a  In-  considerable.     It  is  worthy  of  remark, 

nunous  nucleus  to  each,  which  should  that  the  same  aperture  that  with  advan- 

be  sharply  defined  and  of  the  same  tage  will  develope  one  class  of  objects 

shape  with  the   outer  lozenge.t     As  will  not  show  another  with  the  same 

opaque    test    olgects,    the  bat's    hair  success. 

shown  in  j^.  e8and69,and  themouse  (96-)  (^o^m  Cupf.— When  the  tbcal 
hair  (/^.  70  and  71,)  maybe  considered  distance  ol  a  magnifier,  either  employed 
excellent  tests,  when  the  outline  and  angly  or  as  the  objective  to  a  corn- 
markings  are  well  defined.  These  objects  pound  instrument,  is  too  short  to  admit 
may  be  also  examined  with  transmitted  of  an  opaque  object  being  illuminated 
light  with  the  same  advantages,  by  a  light  throvm  between  it  and  the 
_  „  lens,  the  magnifier  is  mounted  in  the 
Fig.ii.  Ftg.  69.  Ftg.  70.  Fig.7l.  nianner  shown  in  fig.  72,  where  the 


(94.)  The  white  letters  on  a  black  j^ 

ground  seen  on  a  piece  of  enamelled  ,        ,  "    ,' , 

watch  plate,  is  perhaps  one  of  the  best  '«"'  }^  s«  between  two  thin  pieces  of 

tests  to  determine  the  quantity  ofchro-  metal,  at  sucha  dislancefissm  thecentre 

matic  or  spherical  aberration  in  a  lens :  <>'  *"«  concave  polished  reflectine  cup 

indeed  to  delect  the  latter  error  an  ar-  o.o,  thatthe  object  o  shall  be  in  its Tocub 

tificial  star  J  may  be  used  with  advan-  ^^"^  "^  ^"^  •"'="*  °'  ™  '^^is  at  the  same 

tage,  which  requirt^s  considerable  drfn-  time.     When   thus   arranged  the  light 

ing-powcrto  show  well,  "  thrown   on  to   the  reflector  (at  the 

OS.)  In  examining  these  test  objects  ^^^  of  "■«   object,)  whence   it  is   re- 

the  direction  and  quantity  of  light  must  A^ted  to  its  focal  point  to  illummate 

be  carefully  attended  to.  nor  must  it  be  ""=  °''J^<^t  placed  therein.     If  the  raya 

injured  or  mutilated  by  the  reflector,  "' "?'''  "*  "o*^  sufficiently  condensed 

condensing  lens,  or  other  diaphanous  ^7  *5'?  concave  mirror,  it  may  be  as- 

hody  through  which  it  may  pass  to  the  f"'»*  ^^  *  eondensing  lens  c,  by  which 

obJMt.    When  an  instrument  can  show  the  proper  guanUty  of  light  required  ly 

these  proof  oWects,  it  may  with  certainty  the  magmger   '^Z  ^^        is  obtained 

1 t —. -.  When  opaque  objects  are  to  be  viewed 

•  Tb*  Metric  mnt  of  ihii  moM  wu  reeentij  jfi  the  Amiciau  engiscope  described  in 

t^."p«4liq''ih?A^ilSliii.oR«,i:.oi.r«™il/  02.)  the  silver  reflector  is  made  to  be 

•uniniiwthiiaEjRtwiih  iii]frpiai>phin-iBiii,dit.  attached  to  the  tube  opposite  the  plane 

ht  k»  sIki  ^•rr^Viik'^  HpfbitE  af  the  poimi  tf         (97.)      Tkt  iolar  mtcroJCDpe  consists 

3N  all  Ike  liH  sD  ibe  pudarE.  .  ofacommon  microscope  connected  to 

■]oi)Jl°e'J'*»"'meK'?.'kept  is  Jura  'XtV,"nd  *  reflector  and  condenser,  the   former 

Hcnring  [I  10  ■  black  srinind.  m  bnrni  on-k  or  being  used    to  throw  the  sun's  light 

SV23';,'UffS!riSVSiS"i,''£.'S:  "  *f  i.iter.bv.hichit  i.cond.„,rf 

(1.7.1  to    lUtuunate  the   otyect    placed  m 
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I  fbODl ;  OM  of  Ibsn  initruments    a  double  olject-^aH  «,  a    Tha  rays 
■hawQ    ia   wctian  Jig.  73,   vitli    from  the  aim  o,  o,  o  an  racelTed  on 


til*  looklng-^aii  or  reflector  d,  which 
is  ctpaUe  at  being  directed  in  any  pa- 
■ition,  to  throw  the  rays  of  the  sun  oa 
the  condeniinK-leni  a;  the  object  i  ia 
thuj  itroDKly  uluminiiUd  1^  the  con- 
denied  lij^T  of  the  lun.  This  object  U 
placed  in  the  iboua  of  the  microseopia 
una  ^  which  in  the  oommoa  initrument 
is  the  onlf  one  employed ;  but  when  th* 
•ombinntion  of  two  lenses  is  used  tha 
magnified  imBga  is  imiH'ove4 ;  this  re- 
pesenf  ation,  or  picture  of  the  object,  ia 
received  on  a  wall  or  screen,  and  the 
""  ".     inatnj 

alwi^  M  the  distances  i 
e  A ;  thus,  if  the  acting  focus  of  tha 
lens  e  ia  i  inch  when  it  forms  an 
inagB  on  the  other  side  at  S  feet,  the 
linau-  amplification  will  be  60  times,  or 
the  increase  of  surface  3600  times. 
When  we  decrease  the  distance  of  e  A 
to  about  10  inches,  the  decimal  stand- 
ard, althou^  the  magnitude  of  the 
image  will  not  be  so  great  yet  its  dis- 
tincniess  wiU  be  improved;  and  it  will 
be  likewise  found,  that  when  the  Image 
ia  thrown  on  a  flat  surface,  the  e^a 
and  middle  are  not  distinct  at  the  same 
time,  for  the  nys  cf«re  farther  from 
the  (Aiject-lens  than  e  A :  to  remedy  this, 
the  while  screen  should  be  concaive 
whose  radius  is  C  B,  or  distance  of  the 
lens  from  the  screen ;  by  this  all  the 
parte  are  made  equally  perlect. 

(9B.)  An  improvM  modification  of 
this  instrument  is  shown  in  fg.  T4 ; 
r  is  the  reflector,  e  the  condenser,  o  the 
oliject,  b  the  microscope,  which  is  here 
the  compound  instrument  with  its  fye- 
end  fitting  mto  the  darkened  box  d,  When  it  is  to  be  used  for  drawing,  the 
having  a  concave  at  Ih6  bottom  to  re-  front  e  is  let  down  to  admit  the  hand  ( 
eeive  the  representation  of  the  olject.    tliis  ntodtSqation  9f  Pr.  Goripgs,  haf- 
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ing  achromatic  o^ect-glaaaea  adapted  are  usually  painted  repreientelioiu  of 
to  It,  i-enders  the  instntment  Irw/y  «»«-  familiar  or  grotesque  sut^ects  on  glasa 
fvi,  from  the  perfection  of  the  mag-  shders,  having  the  parta  not  occupied 
mfiedpicture.  These  object-glasses  may  with  the  design  blackened  to  obftrucE  the 
be  used  with  or  without  the  compound  passage  of  %ht.  These  alidera  are  in- 
body,  at  option ;  but  the  most  perfect  troduced  by  an  opening  cut  in  each  side 
ol^t-glass  for  these  purposes  is  formed  of  the  tube,  in  the  same  manner  as  in 
1>T  the  continuation  of  a  triple  and  doa-  Jig.  73 ;  the  diameter  of  the  lenses  e  and 
bh  achromatic,  by  which  a  very  large  e  are  nearly  equal  to  that  of  the  con- 
and  distinct  field  is  procured,  free  from  denser  or  bull's  eye  a,  and  are  made  to 
colour  and  aberration.  slide  within  the  outer  tube  to  adjust  Ihe 

{99.)  The  enclosing  of  objects  in  image  on  the  wall  at  different  distances. 
fluids,  to  exhibit  them  in  amore  natural  A  part  of  the  lantern  is  shown  bv  the 
form  under  the  compound  microscope  broken  lines  attached  to  the  end  of  Ihc 
(deacnbed  in  89,)  may  be  likewise  applied  tube  at  a.  The  reflector  d  is  removed, 
with  equal  advantage  to  the  solar  in-  and  a  lamp  putin  its  steadto  illuminate 
■trument     This  Dr.  Brewster  proposes    the  lens  o. 

to  efect  in  the  manner  shown  in  fig.       (102.)  Phanlamagona.-fM  wAviA- 
75,  where  A  B  is  the  iBummating  lens    tion  some  years  ago  was  brought  befor* 
Pig  75  the  public  under  this  appellation.    It 

"  consistsof  a  magic  lantern  constructed 

on  a  large  scale,  and  having  Ihe  object- 
sKders  painted  in  the  same  manner; 
but  instead  of  being  exhibited  on  an 
opaque  surface,  the  figures  are  thrown 
on  a  transparent  ■ut)stance.  The  man- 
ner in  whidi  this  spectacle  was  exhi- 
bited at  the  Lyceum,  nas  been  described 
employedtothrowthecondensedligfatof  by  Mr.  Nicholson;  but  the  kind  of 
the  sun  on  the  object  a,  enclosed  in  a  tu-  machinery  then  employed  is  not  exactly 
bular  Tcssel  of  the  fluid,  having  an  open-  known,  though  Dr.  Young  has  given  va- 
h^in  theupperaideforthe  introduction  liouB ingenious  methods  of  producingit. 
ofthe  ol>ject  liy  a  pair  of  forceps ;  c  d  is 

ti)e  ot^ectlens  which  forms  one  end  of  Chaptkr  XVI.  —  Camera  Obacura; 
the  tube,  and  m  n  a  parallel  plate  of  Portable  Box ;  Beoolving ;  Peritoo- 
glasi  cemented  to  the  other  end.  "The  pio- —  Ctanera  Lucida;  Peruixpic; 
opadty  which  arises  from  a  contraction  Amieft  improved. — Teitioaeope;  Dr. 
(« the  parts  is  thus  completely  removed,  Brewter't;  AmtcCt. — Muttipiying 
ftnd  an  additional  transparency  com-  Qlatt. — Kaleidoteope ;  Teletmpie. 
municated  to  them  from  the  fluid."  fi03.)  Camerv  Obeeura,*  or  darkened 
■niw  microscope  may  be  rendered  achro-  cfconftw,  is  an  optical  apparatus  for  the 
matic  by  using  the  -same  fluids  and  representation  of  all  sounding  ob- 
^n^>P^P°/"^  •"  J ''■"■'  ...    jerts  under  the  same  angle  whicff  they 

(100.)  7?* i*^?*  ""fT'*'»P«;  "•""•'  subtend  to  the  unassisted  eye,  and  which 
^  .!S"  ^^  ^  ■  ^^V  "  *"*""  "'e  exhibited  in  their  ptop^  colour  and 
structed  on  the  same  principle  as  the  ^lape.  so  as  to  enable  a^on  to  de- 
solar  instrument,  having  fiowever  a  Uneate  or  trace  both  near  and  remote 
lamp  to  illuminate  the  otjects  instead  of  objects,  without  an  acquaintance  with 
the  sun  ;  thu  lamp  is  enclosed  in  a  Ian-  fhe  rules  of  perspective,  when  they  are 
ton  (M  76)  to  screen  the  light  from  thrown  on  the  papS.. 
the  observ«s,m  the  same  manner  as  in  in  the  construction  of  this  insfni- 
amagic  tantern  t  Uie  advantages  of  em-  ment  a  convex  lens  and  plane  mirror 
ploymg  this  instrument  ovw  the  solar  are  its  principal  parts;  tiiese  are  ar- 
is,  tl«t  we  can  command  the  hght  at  ranged  dififerently.  according  as  it  is 
l^'^'!.  '"Jlpysi'u^t'o.'J.whUem  required  to  be  ^orUtble  or  iiaiionary. 
eve^  otha-  respect  it  is  similar  to  that  -rfe  first  of  th^,  called  the  porla&e 
"•f^^-         .  ,    ,      .  ^   ,,     box  camera  obtcura.  a  shown  in /f. 

(lOi.)ra«m(^cim(m»isconstrucfed     yg,  where  the  square    box  A  has  a 
aimdarlfto  thetwo  former  instruments. 


but  having  the  object  and  field  glasses  of  •  ii>n>tRi  i.t  fnt-amt  iboii  a*  isib  cnR,i7, 
laiger  diameto's  and  longw  foci,  to  ad-  '™'  ■""'™'«'  V  "■'•  ■•  B»ptii(«  Fort*.  "Jopob- 
rsextenaiTeoljeats;  these  oljecU    ^^"^ -«*'"»»•««'»»'".'»'«».  »» 
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circular  aperture  in  the  front  at  a.  Into 


jmadc  to  .lidc.out  for  .dju.tu,.u?!    InZ'.Sl.".?^.^';  S.T;?!?' 


distaoce  from  erei^  part  of  its  BUrface. 
but  %a  the  uaage  is  received  <m  a  flat 
plane,  the  rays  a  m  will  have  to  iltverge 
fBTtherthanUioie  in  the  centre  at,  which 
are  nearer  the  Iras ;  hence  the  image  will 
be  a  distorted  representation  of  the 
object:  to  remedy  this,  when  not  re- 
quired for  tracing,  the  image  should 
be  formed  on  a  concave  surface,  like 
When, 


for 

„vj«  .    -.  _  '■      :"  v    thedelineslionof  obiecli.Dr.Wollaston 

posterior  tocu.  of  tJu,  leu.  r^,  SiS^    f^-^  ™„f  S  f  ".l'""  ""•■"f? 

ir?liioh'ltiS,3J,™?i        J    •    *•  obj»t.andtli.radaoftl,et.o.ur. 
uy  wnicxi  It  ta  retleciea  upwards  on  to  a.    f-„-        ,  a*  n  u    _^i_-  i_  i_    ■   r 

SSe'SSeri^S'Ki:.".;  s"SrfH'?,"'*";r'''!'r"^ 

"     ■  "■ iiac.    luBHizeoi    the  light  and  brilliancy  of  the  picture  18 

-a  lucida  was  invented 


tt.  im.g...'-t„  tt.  olject  o^ill  b.  „  Ita    KSfrluSSSV 


is   shown  *t  Jig.  Ti,  where 


for  copying  or  reducing  drawings.  This 
*"*  instrument  consista  of  a  quadrangular 
glass  priam,  by  which  the  ravs  from  an 
object  are  twice  reflected:  its  form  is 
shown  in  fig.  1&.     The  olject  o  to  b^ 


opening  in  the  front  at  o  to  admit  the 
nys  from  external  objects ;  these  rays 
ire  reflected  to  the  convex  lens  a,  which 
fbnna  an  image  of  the  ot^ect  tU  i ,  in  the 
Mme  manner  as  in  the  bos  camera :  there 
is  an  opening  in  the  side  of  the  box  to 
view  the  image  aa  shown  by  tiie  eye. 

(109.)  Although  the  modifications  of 
this  apparatus  are  numerous,  they  all  de- 
pend on  the  same  principle,  which  ad- 
mits of  the  following  improTement :  the 
kns  a  being  double  convex  converges 
the  rays  that  paw  thi'ouj^  it  to  the  same 


traced  is  opposite  the  perpendicular  sur- 
fece  of  the  prism  /,  and  the  rays  pro- 
ceeding from  0  pass  through  this  sur- 
face, and  fall  on  the  inclined  plane  e, 
makingananglewith/ofeTl";  from  this 
they  are  reflected  at  an  equal  angle  to 
the  plane  a,  making  an  angle  of  135° 
with  a,  and  are  again  reflected  to  the 


tion.  The  rays  of  light  from  the  objects 
proceeding  upwards  from  a  tovrarUa  the 
eye  of  the  observer,  the  observer  wili  be 
led  to  imagine  the  image  at  t,  and  by 
placing  the  paper  below  in  this  place. 
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the  inun  may  be  tnati  with  a  penoiL  pUto  glwa  d,  »,  0,  connected  to  a  re- 
InonJertoincr«we  ordimimihtlieaiM  fleeting  speculum  A.  In  this  instrument, 
of  the  picture,  the  prism  ii  mounted  in  the  invention  of  S,  Amici,  the  rays  from 
abrui  frame  »Qpported  by  broaa  tubei,  the  otjeet  R  are  thrown  on  to  the  spa- 
oapable  of  bdnK  drawn  out  or  shortened  culum  A{inclined  at  an  angle  ofiss",) 
at  pleasure.  The  picture  always  bean  and  reflected  by  it  on  to  the  plate  glass 
the  same  relation  in  siia  to  the  ob-  atP,  and  fi^im  thence  to  the  eye  above, 
jeot  aa  the  distance  tmra  the  eye  to  The  instrument  is  mounted  in  brass,  and 
the  image  or  paper  is  to  the  distanoe  has  a  rectangular  opening  at  the  top, 
frtiro  the  object  to  the  eye ;  hence  by  whereby  the  eye  is  prevented  from  see- 
lengthening  the  tubes  the  drawing  is  ing  a  reverse  image  of  the  objects  pro- 
increased  in  siM :  it  should  be  remajk-  duoed  by  the  metidlic  pirror.  Another 
^  that  tw  this  prism  no  real  image  oonstruotion,  which  Amici  esteems  the 
:.  't 1    k..!-  ii-  •i«>v- ' — '    ■-  ->>""—   ;-  ■»-  ■">    —' —  " — 


I  shown   in  Jig.  80,  where  tlie 


t 


J  fomed,  but  it  always  appears  as  best, 
for  below  the  prism  as  the  object  is 
before  it  The  brass  frame  of  the  ynuik 
has  usually  two  lenses,  one  concave  and 
the  other  convex,  the  former  to  be  used 
in  frorA.  at/  for  short-sighted  penoni, 
the  latter  above  at  *  for  long-sights. 
The  perisoopie  principle  of  Dr.  Wol- 
laston  has  been  applied  to  this  instru- 
ment, by  fbrming  the  upper  sur&ce  at 
h  slightly  concave, 

(107.)  Various  modiflcations  and  ooBa 
trivances  have  been  adopted  to  improve 
or  construct  different  kmds  of  camera 
tucldas  for  tracing  or  delineating  objects. 
A  very  simple  one  may  be  made  with  a 
plane  reflector,  either  of  speculum  metal  . 

or  plate  glass,  having  its  face  inclined  i 

at  an  an^e  of  41°;  but  in  this  fbrm,  as  * 

there  is  only  one  reflection,  the  drawing  rays  are  made  to  pass  through  the  ^late 
or  tracing  will  have  those  objects  on  glass  before  tiiey  impinge  on  the  muror 
the  left  side  that  in  the  original  object  A,  (as  shown  by  the  dotted  Unes,)  they 
are  on  the  right  side,  in  Uie  same  man-  are  then  reflected  to  n,  and  from  thence 
ner  as  an  engraved  jdate  for  printing  is  to  the  eye,  one  half  of  the  puiiil  being  di- 
the  reverse  of  the  impression  taken  rected  through  the  glass  d,  e,  C  to  the 
from  it.  pa|[>er  below,  and  the   other  half  re- 

(103.)  "Hie  most  in^ious  camera  .  oeiv  ing  the  reflected  rays. 
lucida,  in  which  the  tracings  are  similar  (109.)  Teinoscope. — We  stated  when 
to  the  original,  is  shown  in  fig.  79,  treating  of  the  achromatic  telescope, 
which  consists  of  a  parallel  piece  of  that  by  combining  a  concave  lens  of  a 
substance  having  a  higher  dispersive 
power  than  the  convex  ol^ect-riass,  its 
colour  might  be  corrected  without  de- 
stroying the  whole  of  the  refraction  pro- 
duced oy  it.  Frcnn  numerous  experi- 
ments made  by  Dr.  Brewster,  to  deter- 
mine the  irrationality  or  inequali^  of 
the  lengths  of  the  difierent  coloured 
spaces  m  spectra  of  eqoal  lengths,  he 
found  that  the  least  and  most  refrangi- 
ble colours  might  be  destroyed,  and  r«- 
/raeHoH  produced  when  he  employed 
two  prisms  of  the  same  substance,  pro- 
videa  the  prism  with  the  least  refracting 
angle  was  inclined  so  that  the  incident 
rays  entered  obliquely,  by  which  means 
the  dispersion  is  mcreased  in  a  greater 
ratio  uian  the  refraction ; — thus,  if  » 
Aint-^au  ytma  B  (M,  61 J  with  ao 
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ment  inrented  by  Dr.Brewrtn-  whfla 
inveitigatins  the  polarization  of  %fat 
bj  successive  reflections  betmeen  plates 
of  glass,  in  the  year  1814.  The  patent 
he  obtained  for  it  described  it  aa  &  new 
nnrrpeted  hv  "P*'"*'  instrument  "for  creating  and 
,_    __      --..    -    correciM    ny    e^,b,t  „_   beautiful    fonns:"    ttus  ia 

found  (hat  the  dispersion  by  this  ar-    T>,„u„ii,.„  .„  _i.„„j  ^  1      "'.>""'•' 
— n™_    1  _:ii  v,»  ■„ »j  i„  tt,.t  (k_    ineieplates  are  placed  between  the  eve 

jr.^r^be'tSS'ly^r^fr'JelS  grtlK^'tV*"/^ 
towards  the  axis  a  a  by  the' prism  A.  P"=*'^'  "  "^''™  "  ^-  83.  "liera 
and  yet  emer^  colourless  at  E.  From 
this  vety  cunous  circumstance  of  pro- 
curing refraction  without  colour  by  two 
gisms  of  the  *ame  tubtlanft.  Dr. 
re  water  has  proposed  the  construction 
of  object-glasses  on,  the  same  principle, 
bv  which  he  states  that  the  sphencal 
aoerration  of  the  two  mi^t  more  ao- 
curately  Ije  corrected  by  employing  the  a  6  are  the  two  reflecting  planes  in- 
form shown  in  "  -  —  fhfx^  dined  at  an  ande  of  60°,  or  the  sixth 
the  leni  A  com  pVv  <>'  ^  circle ;  at  Qie  end  e  »te  placed  the 
with  the  priBm  >  g§'  objects,  and  the  eye  is  stationed  at  ths 
81,  and  uie  com  '  other  end ;  these  two  plates  are  usually 
niscus  B  with  th  enclosed  in  a  tube,  and  the  objects,  con. 
B.  ThelensAis  .  listlngofpiecesofcolouredglass, beads. 
convex,  but  pi  *  8ec.,  are  loosely  confined  between  two 
the  best  form  w(  circular  pieces  of  common  glass,  the 
aconves  menisci  outer  of  which  is  usually  greyed,  to 
the  convex  side  m^e  the  light  unifonn.  In  order  to 
towards  the  eye.*  give  the  picture  varied  outlines,  threads 

(IIO.J  3ignor  Amici  has  veiy  recenlfy  of  coloured  glass  spun  or  twisted  majlM 

constructed  a  combination  of  prisms  of  piiKed  with  the  pieces,  being  first  formed 

the  same  glass  on  this    principle,  in  into  circles,  elhpsei,  loopM  curves  like 

wtuch  the  chromatic  aberration  is  cor.  the  figure  B,  curves  like  3,  or  i^rals  like 

reeled,  and  apower  of  about  3  times  the  letter  8.     On  looking  down  the 

otttained.      lliis  plan  is  peculiarly  well  tube,  through  a  small  hole  placed  near 

Bulled  for  opararglateet,  u  the  cluster  themeetingof  thepLates,  abeautifulcir- 

of  prisms  requires  no  adjustment  of  focus  cular  figure  will  be  seen  having  six  an- 

forthedifferentdistanceoftheobiects,B  gles,  the  plates  being  inclined  the  Ith 

remote  and  near  one  being  seen  at  the  of  a  circle ;  if  inclined  the  ^,  ^,  He. 

same  time  with  equal  dislinotnesa  ;  in-  twelve  or  twenty  wUl  be  seen ;   these 

deed,  itdoes  not  possess  a  focus  properly  beautifiil  forms,  oj  sli^tly  turning  the 

socalled,  adesideratiim  of  great  import-  tube,  will  b«  changed,  by  which  an  al* 

ance  in  this  class  of  instruments ;  it  is,  most  infinite  varied  of  patterns  may  be 

therefore,  superior  to  them  in  this  respect,  produced.* 

Amici's  teinoscope  consists  of  four  (112.)  In  order  to  make  this  instni- 
right  angular  prisms,  having  their  re-  ment  capable  of  taking  in  distant  ob 
fractive  angles  different  and  connected  jects,  in  the  same  manner  a*  a  t^. 
by  pairs;  ue  two  purs  being  similaT,  scope,  a  convex  lena  or  object-glaw 
those  next  theeyeorthe  fir^t  ^'rare  fixed  to  a  tube  sliding  for  adjustment  on 
vertica],  and  the  second  pair  horisontal,  the  inner  tube  containing  the  reflectora 
Bo^that  equal  refraction  is  produced  in  should  be  annexed ;  by  this  means  an 
every  direction.  The  distance  between  invetted  image  of  any  distant  object 
each  pair  is  about  an  inch  and  a  half  t  may  be  formed  at  the  ends  of  the  re- 
flector»,  as  ahown  in  Jig.  84,  where  o 


■  9«  Btcgtl^tdtm  S<n. 

ir  pnviou  ni  ^t  oon. 

UitiluwIllKa  nn.  , 
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is  the  otject,  e  the  lens,  tmd  i  the  imaKe  instruni3iit  the  power  of  the  naturalist 
formed  nith  it  In  this  manner  it  has  is  materially  eirtended ;  while  the  micro- 
been  employed  for  producing  beautiful  meter  is  of  the  utmost  value,  for  trigo- 
combinations  of  Jhtcen,  freer,  animalt,  nometrical  surras,  and  in  nulitaiy  or 
tec.   When  the  lengths  of  the  refiecting  naval  operations. 

'  IB  than  the  distance  of  dis-        (1 14.)  The  common  mre  mirrvmeter. 


tinctvision,  aconvex  lenswhosefocus  ia  usually  attached  to  tlic  eye-pieces  of 

the  length  of  the  plates  should  be  at-  telescopes,  is  shown  at  Jig.  85 :  it  con- 

tached  to  the  eye-end  of  the  tulie.    In  -                   j^-^  g, 

this  way  polished  s]>eculums  may  be  -^  s-  ■ 
used,  by  nnich  the  brilliancy  of  the  pic- 
ture is  mcreased,  as  less  light  v^l  be  lost 
by  reflection.  Dr.  Brewster  has  found, 
that  in  order  to  produce  perfectly  beau- 
tiful and  symmetrical  forms,  the  follow- 
ing three  conditions  are  necessary. 

1.    That   the    reflectors    should   be  sista  of  a  brass  rectangular  boit  a  a,  the 

placed  at  an  angle  which  IS  an  ersn  or  upper  and  lower  plate  having  an  open- 

an  odd  aliquot  part  of  a  circle,  when  the  ing  in  the  centre,  (but  in  the  figure  both 

object  was  regular,  and  smiilarly  situ-  are  removed ;)  this  box  is  made  to  slide 

ated  with  respect  to  both  the  mirrors,  along  an  opening  cut  m  the  tube  of  the 

or  an  even  aUquot  part  of  a  circle,  when  eye-piece  of  the  telescope  at  right  angles 

the  oWect  was  irregular.  to  its  axis,  so  that  the  wn«s  cemaybe 

8.  That  out  of  an  infinite  number  or  in   the  field  of  view ;   these  wires   an 

positions  for  the  object  both  within  and  fixed  to  the  forks  t  n,  moveable  in  each 

withoutthereflectors,thprewason/tfon«  other  by  the  screws  t  and  n,  connected 

position  whereperfectsymmettycould  be  to  the  micrometer  heads  A  A;  there  is 

obtained,  namelv.  by  placing  the  olgect  also  another  fixed  wire  at  ririit  angles 

in  contact  with  the  ends  of  the  reflectors,  to  the  two  former  from  e  to  «.    To  mea- 

3.  That  out  of  an  infinite  number  of  sure  any  small  angular  distance  with 

positions  for  the  situation  of  the  eye  this  instrument,  as   the  diameter  of  a 

there  was  only  one  where  the  symme^y  planet,  the  two  parallel  wires  are  made 

was  perfect ;  namely,  as  near  as  possi-  to  approach  or  recede  firom  each  other 

ble  to  the  angular  point,  so  that  the  by  turning  the  screw-heads  A  A  till  the 

whole  of  the  cu^iular  field  could  be  dis-  bodytotjemeasuredisexacOyenclosedby 

tinctlyseen;  and  that  this  point  was  the  them,while  the  lonritucUnalvrire  crosses 

imlyone  out  of  an  infinite  number  at  the  centre  of  the  body.    Havingthusac- 

which  the  wni/Vma'ry  of  the  reflecUd  curately  measured  the  planet  by  the  two 

light  was  a  maximum.  cross  wires,  we  must  next  ascertain  their 

„               -u^rYT   ■  .»■          .  distanceasunder,inthemannerfollowing: 

Chapibb  XVU.—Micromeiert.  suppose  there  are  so  threads  of  the  screw 

<113.)    The  micrometer  is  an  instru-  to  an  inch,  and  that  tlie  heads  are  di- 

ment  usually  applied  to  telescopes  and  vided  each  into  100  equal  parts;  now 

microscopes,  for  the  purpose  of  mea-  one  uf  the  screws  is  to  be  turned  till 

suring  minute  bodies  or  small  angles  oneof  the  wires  is  brought  into  accurate 

subtended  by  bodies  at  a  remote  dis-  contact  with  the  other,  when  the  num- 

tance,  bv  which  their  real  magnitude  is  ber  of  turns  and  divisions  requisite  to 

obtained.    By  the  modem  introduction  effect  this  purpose  will   mve  the  dia- 

of  this  instrument  for  the  use  of  the  meter  of  the  planet,  each  mvi  si  on  being 

astronomer,  and   the  improvement  of  equal  to  ilith  of  an  inch.    But  if  we 

the  telescope,  may  be  attributed  our  ac-  are  desirous  of  determinii^  in  seconds, 

curate  and  extensive  acquaintance  with  or  parts  of  ad^ree,  it  is  found  by  pre- 

the  universe  of  matter ;  while  from  the  viously  measuring  a  Itnown  base,  or  by 

perfection  to  which  the  microscope  has  ascertaining  the  time  an  equatorial  star 

recently  been  brought,  an  equal  ac-  takes  in  passing  fiiom  one  wire  to  the 

quaintance  with  theminuteoivanization  other,  and  fh)m  thence  deducing   the 

ofbodies  may  be  expected.     Bytheep-  seconds  or  parts  of  a  second  agreeing 

phcalion  of  the  micrometer  to  this  latter  with  each  revolution  of  the  Hrew-heu* 
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Ihe  MMntial  requiute  in  this  micro-  uporaibleintheosnalmuiner,  throueh 

meter  ii,  that  the    wire*  be  perfectly  rteel  or  jewelled  holes,   and  tlien,  by 

parallel,  and  that  there  be  no  shake  in  (iDally  immeraing  this  wire  in  an  acid 

the  forki  that  canythem.  that  will  diaiolve  the  silver  and  not  the 

(115.)    The   tmeromalrieal  tdeteopt  platina,  he  obtains  a  perfect  wire  of  any 

of  Dr.  Brewster,  (f  40)  for  measuring  fineness  that  maybe  required. 

distsjiees,  may  be  employed  for  deter-  (118.)    The   spider's   web  was   first 

miningthediametersoibodiesbyhaving  successfully  employed  for  micrometers 

two  parallel  wires  flied  across  uie  field  by  Mr.  E,  Troughton,  who  used  the 

of  view  in  the  focus  of  the  eye-glass ;  stretcher,  or  the  lone  line  which  sup- 

these  wires  being  immoveable  will  not  be  ports  the   web,  for  this  purpose,    ths 

liable  to  any  inaccuracies  in  the  screws,  others  being  too  weak.    He  found  thie 


or  fh^m  the  uncertain^  of  obtaining  a  thread  to  possess  the  valuable  proper- 
correct  zero.  The  manner  of  usins  it  ties  of  fineness,  opacify,  and  elasticity.* 
is  thus:  suppose  the  inner  moveable  But  the  difficult  of  procuring  this  par- 
object-glass  to  be  in  the  focal  point  of  ticular  thread  has  led  to  other  contrif- 
tiie  principal  one,  and  that  the  wires,  by  ances  in  its  stead, 
experiment,  exactly  take  in  an  object  of  (119.)  The  micrometer  threads  of 
known  magnitude,  this  will  M  the  Dr.  Goring,  which  have  been  termed 
minimum  angle  capable  of  being  mea-  artificial  cobwebs,  were  introduced  by 
suredwithit.  Butwhenwe  havealarrer  him  to  obviate  the  easy  destruction  of 
object  than  can  be  enclosed  within  the  the  natural  ones  when  kept  for  any 
wires,  the  inner  object-^lass  must  be  length  of  time,  and  from  the  difiiciilty  of 
brought  nearer  the  principal  one,  thus  imjcuring  those  of  the  proper  kind. 
reducing  the  power  of  the  telescope  These  t)u«ads  are  formed  fiom  a  thick 
1^  shortening  its  focus,  so  that  the  angle  solution  of  pun  caoutchouc  in  oil  of  tur- 
between  the  wire  will  be  increased  to  pentine,  ana  by  not  employing  in  their 
admit  the  object  to  be  measured ;  and  as  formation  a  heat  greater  than  that  of 
l^lhelaws  of  optics  it  is  known  that  thehumanbody:  after  Uie  threads  are 
when  the  two  object-glasses  are  in  con-  drawn  out,  the  essentUl  oil  evaporates, 
tact  the  focus  is  shortest,  so  the  angle  and  leaves  the  Indian  rubber  in  the 
between  the  wires  vrill  then  be  a  man-  same  state  as  at  first.f  The  cobwebs 
mum.  Hence,  any  anrle  between  these  made  in  this  manner  are  not  liable  to  in- 
two  points  ascertained  by  experiment,  jury  by  keeping,  like  the  ordinary  ones, 
mayoe  determined  fay  divisions  r^s-  while  tney  possess  the  essential  proper- 
tered  alongthe  tube.  ties  of  opacity,  fineness,  parallelism,  and 

{I!6.)  The  preceding  principle  of  a  elasticity,  and  are  hi  superior  to  them 

micrometer  may  be  applied  to  the  Gre-  in  strength. 

gorian  or  Cassagranian  telescope,  with-        (12D.)  7%e divided oMecl-gltui micro- 

out  any  additional  apparatus;  for  the  mtier  is  composed  of  two   semilenses 

magni^ng  powers  of  either  of  these  a,  c,  (fig.  S6  -J  these  act  as  two  distinct 
instruments  may  be  varied  by  altering  J^.ee.  x 

the  distance  Ijetween  the  large  metal  ° 

and  the  eye-piece,  and  then  adjusting 
for  distinct  vision  by  the  little  metd. 
In  this  way  Dr.  Brewster  proposed  to 
determine  tne  angle  subtended  by  any 
object,  having  experimentaily  formed 
the  scale  for  adjustment. 

(1170  Fibret/ormicromelert.—AHet 

the  contact  of  brass  plates,  employed  by  object-{^ses,  each  produrang  an  image 

Huygens,  for  micrometers  was  discon-  of  the  same  object,  and  in  order  that 

tinuea,  Hlver  teire,  hairt,  and   tpidert'  their  foci  ahall  be  of  the  same  length, 

icefir  were  introduced  ;  the  former,  how-  they  are  made  by  dividing  a  circular 

ever,  till  latterly,  could  not  be  produced 

finer  than  ilith  of  an  inch  diameter  in       •ThiiqMiiiTitiMibjkMpLnf. 

this  countiy,  which,  consequently,  led  to  „,*  .V^"^:;*  Z  wJ^r^i;  «r  ™i°  f"""*^ 

the  choice  of  the  other  fibres.    But,  hy  the  »> »  niin-iy  mciodrd.  whcnbj  ibe  tiow  •>■- 

the  ingenuity  of  Dr.  Wollaston,  wire  can  pornion  of  itvt  «iniii«l  oil  i»  pnienttd,  u  ihii 

mow  be  obtained  of  only  the  ,A>thof  ™rri«" ««'^"IS'iS»d?lt' ™i«  ii " 

■n  inch  in  diameter :  this  he  efi'ects  by  ci.irmjriiBic.ndwiuiioidjT.  Tii>.rwni.rk«|Q.iiF 

having  afine  platina  wire  thickly  coated  Jf.^i™  "■fi^JS^'Sj;"™  t-^i^-^STII^ 

mlp  Ulver,  which  u  drawn  out  as  fine  sf  mk  loUwi. 
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leni  acroM  iti  ocntra.     The  eentrei  of  When  it  ii  rfqwrcd  to 

theae  Mtnilentei  are  made  to  leparate  uigle   lubtended   by  two    objects,  u 

more  or  )m«,  hy  meaai  of  a  gcrew  at-  O  P,  0^  87  J  the  wmilenses  are  sepa- 

tacbed  to  the  plaUi  in  which  Ihe  lenses  rated  till  the  imkgee  of  both  object* 

an  motuited,  tabb;  Eind  the  distance  of  coinride  at  their  foci  F.    This  being  ac- 

their  centres  ia  muanred  by  a  scale  and  complished,  the  an^tdar  distance  of  the 

"—  two  lenses,  ret^omng  the  vertei  at  E, 

ftg.tlT. 


thor  focal  distance  will  be  equal  to  tiie  eonsists  of  »  eompoimd  microMope, 

r^  angle  subtended  by  the  two  objects  either  refracting  or  reflecting,  haTing 

at  F,  or  at  the  place  of  the  object-  two  semi-concave  lenses  capaJbleof  af 

f lasses,  (the  real  distance,  of  a  F  or  e  P  iusfment  by  screws  and  a  vemier'B  scale ; 

eing  very  small  in  comparison  to  the  this  a|iparatu3  is  fixed  between  the  ob- 

distance  of  the  objects  0  P  from  the  Ject  and  object-j^ass  or  metal,  and  the 

objeet-glusei  0  to  And,  therefore,  the  measurement  of  the  fibre,  bv  the  contact 

aiwle  of  the  semilenses,  we  have  the  of  its  two  images,  is  efFectea  in  the  same 

si(ka  a  c  (t.  e.  the  distance  of  the  twocen-  manner  as  in  a  tdescope. 

ties)  and  »F  theirfocal  ^stance, which  C123.)  The  mother-of-pearl microme- 

are  all  the  data  necessary  to  determine  ter,  invented  by  Mr,  T,  CavaJIo,  and 

it  trigonometrically.    But  as  the  angle  described  bv  himin  the  Phil.  Trrmt.  for 

ID  practice  is  usually  very  small,  it  may  1791,  has,  from  its  simplicity,  been  very 

with  little  error  be  considered  simply  as  extensively  employed  in  practical  astro- 

the  subtense  a  e,  having  experimentally  nomy,  anais  indeed  admirably  suited  for 


any  other  distance  may  be  found,  placed  in  the  anterior  focus  of  the  eye- 

(121.)  The  improvements  that  have  glass,  either  of  a  telescope  or  compound 

been  made  on  this  divided  object-glass  microscope ;  so  that  the  divisions  may 

micrometer  by  Dr.  Brewster,  consist  in  bedistincOy  seen  by  the  eyeat  the  same 

having  the  centres  of  the  two  semilenses  time  as  the  object    When  we  are  desi- 

at  a  fixed  distance  from  each  other,  rous  to  measure  an  object  with  the 

and  by  employii^  another  object-glass  farmer  instrument,  aiiy  given  number 

in  the  ordinary  manner :   to  produce  of  equal  diviaons  on  the  pearl  corre- 

the  requisite  variation  of    angle,  the  sponding  to  a  known  angle  ia    first 

fixed  semilenses  are  made  to  traverse  determined   by  experiment;    then,  on 

along  the  axis  of  the  telescope  between  looUiig  through   vte  telescope   at  the 

the  other   ol:i}ect-glass    andT  the   eye-  object  to  be  measured,  and  counting  the 

piece,  thus  producmK  a  change  in  the  number  of  divisions  the  diameter  of 

magnifying  power  of  the  instrument;  the  object  occupies,  the  angle  it  eub- 

and  by  means  of  a  divided  scale  along  tends  is  determined  from  the  proportion 

the  tube,  showing  the  distance  of  the  of  that  number  to  the  number  answer- 

semilenses  from  the  paincipal  object-  ing  to  the  known  angle.     When  this 

glass,  the  angle  ii  ascertained.  micrometer    is   api^ied    to    the   com- 

(122.)  The  principle  of  the  divided  pound  microscope,  m  order  to  ascertain 

object-glass  micrometer  has  been  ^»-  the  magnitude  of  any  minute  object,  the 

plied  to  the  mio\)scope,  for  the  purpose  strip   of  peari   is    stretched  across  the 

of  measuring  the  diameters  ofvartous  field-bar  of  the  instrument;  it  is  then 

fil»«s,  and  from  thence  determinine  the  brought  in  the  direction  of  the  length  of 

qualify  and  value  of  the   material  for  the  oUed  to  be  measured,  bv  tumiog 

the  manufacture  of  difiierent  articles ;  the  tube  of  the  eye-piece  till  aiey  ixm- 

iti  principal  ap^cation  has  been  in  the  cide.    Then,  if  we  suppose  die  number 

measurement  of  wool,  from  which  it  is  of  divisions  on  the  pearl  dynameter  to 

called  an  eriometer.     The  Instrument  b«  100  in  the  space  of  an  inoh.andlbe 
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part  to  be  meuured  !a  Ibntid  to  ooeu^  Ion  of  time,  besides  the  lialnlify  of  dis- 
two  of  these  divisions,  to  determine  its  arranging  Uie  instrament  for  distinct 
reolsiiefve  must  ascertunhowmuch the  vision.  Having  thua  stated  the  defects 
object  has  twen  smplifled  by  the  object  of  tbat  micrometer,  it  is  only  necessary 
and  field  glasses.  But  if  no  field  lens  to  mention  that  the  circular  micro- 
is  employed,  the  power  nill  be  as  the  meter  is  entirely  free  from  these  evils  ; 
distance  of  the  object-glass  from  the  for  the  central  space  ttein^  clear,  the 
imaae,  divided  by  the  distance  of  the  ob-  rays  are  not  obstructed,  while  the  divi- 

tectfromthatglass.    As  inaccuracies  are  sions  are  all  equally  magnified,  and  the 

lonever  liable  to  occur  in  these  mea-  object  can  lie  measured   with    equal 

■urea,  the  best  practical  manner  (vrhieh  &cihW  and  accuracy  in  any  direction : 

is  equaUv  simple,  let  the  number  of  indeed,  the  advantage  of  employing  tMs 

Classes    be    soever    numerous)    is  to  ihstniment  is  so  great  that  we  need 
etennine  the    increase  in  magnitude  only  meationthat  the  orbitsofthreeout 
by  using  another  scale  of  very  fine  divi-  of  the  four  new  minorplanets  were  de- 
sions  in  place  of  an  object ;  knowing  how  termined  by  a  circular  micrometer  alone. 
many  there  are  in  an  inch,  and  ascer-        tl25.>  The  drcular pearl  micrometer 
taining  the  number  of  divisions  on  the  was  invented  by  Dr.  Brewster,  and  con- 
one  employed  as  an  object  that  are  egual  sists  of  an  innular  portion  of  mother- 
to  any  number  of  the  equal  divisions  of-peerl,  a,  t,  (Jig,  Si,)  fixed  on  its 
OD  the  pearl  dynameter  across  the  field- 
bar,  by   dimming  the  one  number  by 
the   other,   the   ampli^ing  power   will 
be  ohlained.     Example.    Suppose  the 
divisions  on  the  scale  (used  as  an  object) 
be  lODO  in  the  space  of  an  inch,  and 
one  of  such  divisions  fa  magnitied  lo 
as  exactly  to  cover  one  of  the  divisions 
on  the  pearl,  which  are  linth  of  an 
inch,    it  is  evident  Uie  s»le,  or  an 
object  traced  in  its  stead,  h  magni* 
fied  10  times.     Hence  we  know  that 
as  the  object  we   proposed    to  mea- 
aure  occupies  Itoo  divisions,  it  is  y^ths 
of  an  incn  long ;  ^meh  diviaioa  on  ibe 

pearl  being  equal  to  the  Wgirtb  of  an  outer  edge  to  the  diaphragm  d,  d,  at 
inch  on  an  object  placed  in  the  focus  of  the  end  of  a  pece  of  brass  lube, 
the  object-glass.  In  using  the  miav-  winch  is  capabtie  of  being  adjusted 
meter,  Ae  power  of  the  eye-glass  is  not  exactly  to  the  anterior  focus  of  the  eye- 
required  to  l>e  known,  ac  the  divisions  slasi  of  the  telescope  or  microscope ; 
on  the  dynameter  are  Bm^ified  in  the  tne  inner  drcumferencc  of  the  pcArl  ia 
same  ratio  by  it  as  the  object.  divided  into  3G0  e<^ual  parts  or  degrees ; 
(IM.)  Cirevlar  mkromtter*.  The  and  when  this  mKTometer  is  thus  ad - 
micrometer  last  described,  as  stj^tched  justed  for  use,  the  maitimum  angle  must 
ftcrou  the  fldd-har  for  man^  astrono-  oe  determined  experimentally :  £isaiu;^la 
mical  purposes  «  (bund  objectionable  wii!  be  subtended  by  the  inner  diameter 
fiwn  the  three  following  circumstances,  of  the  pearl  a,  c,  i.  Now,  if  we  suppose 
Firrt,  thecwitralraystVomtheobjectare  this  ingle,  by  obaervation,  to  lie  te>o 
obstructed  by  the  pearl,  ahich  likewise  demes,  we  shall  \x  able  to  find  the 
divides  it  into  two  portions.  Secondly,  value  of  the  angle  any  other  object 
the  situation  of  the  central  portion  of  the  suM^ids  in  anv  dinctton  less  than  3°; 
pearl  being  nearer  Ibe  eye-lens  than  the  thus,  let  the  object  be  represoited  by 
other  parts,  Un  various  portMns  will  the  line  e,  nUeh,  byinspection.is  found 
be  unequaUv  magnified,  although  the  to  occupy  sixty  divisions ;  bisect  tiie 
pearl  is  really  divided  into  equal  parts ;  angle  the  object  e  subtends,  uid  it  will 
and  therefore  the  measurenients  ai«  in-  be  «qual  to  the  sine  of  hiJf  the  angie 
accurate,  unless  taken  from  one  uirti-  act.'  or  the  angle  which  this  object 
cular  psirt.  Thirdly,  the  edge  ^  the  subtends  is  equal  to  twice  the  sine  of 
micrometer  always  requires  to  be  in  Qie  half  the  anMe,  a  c  bring  the  radius  ;  so 
direction  of  the  parts  to  be  measured:  that  the  o^ect  t  subtends  half  the 
for  this  purpose,  it  is  necenary  always  maximom  an^le,  or  one  degree.  In 
to  turn  Uie  ej'e-piece  to  bring  it  in  the  thismanner,trigonometricalty,mightbe 
proper  dinctioa  i  thii,  uadoubtedly,  i«»  found  the  sogb  tajwenng  to  every 
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division,  vrhidi  should  be  formed  into  a. 
table;  and  thus  it  would  be  given  by 
inspection. 

(126.)  The  circular  »ittp»nded  micro- 
meter is  an  instrument,  simple  in  its 
construction,  and  aximitting  oi  extreme 
accuracy  in  its  execution  ;  it  ia  less 
Buliject  to  injury,  wliile  it  possesses 
many  advantsiges  over  others  m  its  ap- 
idiciUion  to  astronomical  obiierf  ations. 
This  micrometer  was  invented  by  the 
late  M.  Fraunhofer,  and  consists  of 
a  circular  disc  of  parallel  plate  glass 
a,  {Jig.  89.)  having  in  its  centre  a 
smidl  tnrcuiar  hole  of  about  half  an  inch 
diameter,  and  turned  very  true  in  a 
lathe;  to  the  inner  edge  of  this  circle  a 
narrow  ring  of  steel  c  is  securely  fast- 
ened, when  its  inier  edge  b  tmned 
"^.  89. 


perfecUy  circular,  and  reduced  very  thin. 
The  glass  plate,  with  its  steel  nn^,  is 
then  mounted  in  a  brass  tube  or  setjing 
d,d,  by  means  of  which  it  can  be  ad- 
justed to  the  focus  of  the  eye-glass, 
(similar  to  the  l&st  micrometer.)  This 
micrometer,  when  viewed  in  the  tele- 
scope, appears  like  a  narrow  ring  tue- 
pended  in  the  heavens,  bom  whence  it 
derives  its  name.  The  chief  advantufe 
in  this  instrument  is  the  accuracy  by 
which  the  momentof  tnfT-M*  andq^rewt 
of  a  planet  or  star  is  oetermined ;  for 
the  body  being  seen  in  the  field  of  view 
throu^  the  glass  plate,  before  it  cornea 
to  the  inner  5ge  of  the  steel  ring,  allows 
the  precise  moment  of  contact  to  tie  very 
reamly  observed.  The  angle  subtended 
by  the  ring  must  be  found  in  the  same 
manner  as  with  the  other  micrometers ; 
or  by  noting  the  time  an  equatorial  star 
passes  when  near  the  meridian,  and  de- 
dudng  therefrom  the  angle  nhich  the 
inneredgeoftheringaubtends,  Theve- 
locity  of  a  planet  may  be  determined  in 
the  same  manner  while  near  the  meridian^ 
or  the  difierence  of  the  time  occupied  by 
a  star  and  the  planet  passing  together, 
would  determine  the  motion  of  the 
latter,  making  proper  allovrance  when 
crossing  abore  or  below  the  centre. 
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THE  THERMOMETER  AND  PYROMETER. 


Thb  ancients  were  unacquiinted  irith  general  term  thertnom^gr  to  the  in- 

&iiy   more  certain  mode    of  marking  struments  depending    on    the  expan- 

the  variations    of  temperature,    than  sions  of  aeriform  and  liquid  bodiei, 

the  indications  of  the  senses,  and  the  and  pyrometer  to  thoae  in  nhich  the 

Unilted  knowledge  derived    from   ob-  expansion  of  solids  is  the  measure  of 

serving  the  melting  or  combustion  of  the  elevation  of  temperature;  and  the 

different  substances.   In  modem  times,  subject  will  be  treated  under  the  fol- 

inatruments  have    been    invented  for  lowing  heads. 

"°Ii"'^  ;?"u^'^'^r%'*''-  *"*?*  ""^  I-  Of  the  common  Thermometer. 

cold,  which,  under  the  designabon  of  ,    ti  f  i.           >         , 

fcwUmeierV.    or    (Aenno^,     py-  1-  Itj  history  and  construchon. 

rometer>,   or  pyrotcope*,    wTnow^n  ".  The  precautions  necessary  m  its 

general  use  in  every  part  of  the  civi-  construction  and  graduation. 

Hied  worid.    Then-  oames  are  derived  H-  Of  the  Pyrometer. 

from  the  Greek  terms  lif^.w^,  sig-  III,  Of  Register  Thermometers. 

nifying  heai,  fire,  and  ^rr^,  ««rw,  a  IV.  Of  the  Differential  Thermometer, 

meoMwre,  an  inveeligaior.  and  its  modifications. 

The  principle  on  which  all  such  in-  y.   Of  some  peculiar  appUcatons  of 

strumenta  are  constructed,  is  the  ehanee  the  Thermometer. 

of  bulk  M  every  body  undergoet  by  yj   Qf  the  imperfections  common  to 

aiteratton  ofttt  t^erature.  ^  instruments  for  the  indication  of 

All  homogeneous  bodies,  except  wa-  heat 
ter,  within  a  few  d^rees  of  its  freezing 

point,  expand  by  heat  and  contract  by  r<              t 

cold,'     Their    expansion,  then,    may  Chapter  1. 

afford  a  rdaUve  measure  of  the  in-  ^^  ^  Common  Thermomeltr. 

crease    of    temperature^     and    their  ■' 

contraction,    of   its  diminution.    This  §  I.  Hittory  and  ConilrucUon  of  the 

law  holds  good  in  gases,  liquids,  and  Thermometer. 

sohds;  antC  accordingly,  matter  in  those  Thb  invention  of  the  thermometer,  like 

three  states  of  existence  has  been  em-  almost  every  other  discovery  of  great 

ployed  in  the  construction  of  insbTi-  utijity,  has  been  claimed  for  dieCerent 

ments  for  measuring  the  intensity  of  philosophers ;  and  national  vanity  has 

heat  and  cold.  occasionally    been    enlisted    in    sup- 

The  changes  of  volume  which  gases  -q^  of  the  pretensions  of  rival  claim- 

or  aeriform  Dodies  undeigo,  were  first  ^ts.    There  seem,  however,  but  two 

employed  for    this,  purpose;   liquids,  whose  titles  are  worthy  of  notice. 

such  as  spirit  of  vfine,  oils,  or  mercury  jhe  Italian  writers  generally  rave  the 

were    next    used ;     and    lastly,    the  honour  to  their  countrjTnan  Satitorio 

changes  in  the  bulk  of  solids  were  ap-  Sanlorio,  long  a  physician  at  Venice, 

tlied  to   measure   the    variations    of  ^^(^  afterwards  a  professor  at  Padua, 

igher  temperatures,  which  would  have  ^j,o  flourished  about  the  bwinning  oC 

too  much  expanded  gaseous  and  liquid  the  seventeenth  centuiy ;  and  who  oad 

bodies.  obtained  just  celebrity  hy  his  discoveiy 

The  designation  of  Ihermoteope  or  ^j  the  insensible  perspiration  of  the 

pyroieope  might  be,  with  most  pro-  ^imal  frame :  the  Dutch  philosophers 

priety,  applied  to  such  instruments  ;  ^  unhesitatingly  ascribe  it  to  Comditu 

but,  m  conform]^  to  cooimon  usage,  it  Drebbel,  a  physician  of  Alkmaar,  who 

is  proposed  m  this  treatise  to  apply  the  appears  to  have  enjoyed  a  high  reputa^ 

■  .„ :            :     '.      ;    T"       ■"~"  tion  as  a  chemist,  a  mathematician, 

-iSS.'.TSJSSa.''^^^'"^  .iKi«mYentam«ch.iii»lgyiii«. 
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Santorio  e3q)ressly  claims  the  inven-  expelled    by    the     heat.       When    k 

tion  ea  his  own,*  and  he  is  supported  heated  body  is  applied  to  the  ball  A, 

byBorelUt  and  Malpiehi;^  the  title  the  air  Wl  again  be  expanded,  and 

□f  Drebt>el  is  considered  as  undoubted  depress  the  liquid  in  the  stem;  and,  if 

by  Boerhaave  }  and  Musschenbroek.|{  this  stem  be  a  cylinder,  a  scale  of  equal 

It  would  now  be  difficult,  ptftiapB,  to  parts  applied  to  it  will  enable  the  ob- 

decide  the  controversy  ;  but  it  is  worthy  server  to  form  some   idea  of  the   dif- 

of  remark,  that  Santorio,  who  was  bom  ference  between  the  relative  tempeni- 

in   1361,  and  died  in   1636,^   did  not  ture  of  bodies  applied  to  the  ball.     On 

publish  his  claim  to  the  invention  till  the  removal  of  the  heated  bod^,  the 

1626;**    and,  although   thermometers  volume  of  the  included  air  again   di- 

are  idluded  to  by  Rooeri  Flud.  vdthin  minishes,  and  the  liquid  again  rises  in 

the  first  quarts'  of  that  century,  yet  the  stem  by  atmospheric  pressure,   un- 

as  he  travelled  both  in  Germany  and  til  the  elasticity  of  the  air  within  the 

Italy  for  six  years,  we   can   draw  no  instrument  is  m  equilibria  with  that  of 

inference  fVom  that  circumstance.  Cer'  the  surrounding  atmosphere.    Instni- 

tain  it  is,  that  thermometers  were  con-  ments  constructed  on  this  principle  are 

structed  about  the  same  time,  both  in  termed  air  ikermometer* ;  because  their 

'  Italy,  and  in  HoDand,  on  the  same  prin-  action  depends  on  the  elasticity  of  air ; 

eiple  ;   and  though  Uie  instruments  of  and  from  their  having  been  onginnlly 

Drebbet  were  w^  known  in  Holland  employed  to  mark  the  changes  ofatmo- 

and  England,  before  the  fame  of  San-  spheric  temperature,  they  are  described 

torio    appears    to    have    reached    the  by  the  oldw  writers  under  the  name  of 

North~West  of  Europe,  the  most  re-  wealAef-ebttei  ,■  a  denominatioD  also 

cent  vtriters  have  generally  considered  given  to  oarometers. 

the  latter  as  the  real  inventor  of  the  Drebbel  appears  to  have  devised  & 

thermometer.    It  is,  however,  by  no  variety  of  the  instrument  more  delicate 

means  improbaUe  tiiat  each  may  be  in  its  indications.    Hie  globular  fbrm 

justly  entitled  to  the  merit  of  a  dis-  of  the  common  bulb,  and  its  small  size, 

coverer.  rendered  it  less  susceptible  of  slight 

Be  this  as  it  may,  the  instrument  changes  than  a  flattened  bulb  of  laraer 

was,  fivm  its  impertect  construction,  diameter;  and  Boerhaave  describes  the 

of  little  use  in  the  hands  of  either,  and  bulb  of  Drebbel's  thermometer,  as  oom- 

required  the  successive  labours  of  dif-  posed  of  two  shallaw  segments  of  lai?e 

ferent  philosophers  to  render  it  a  tole-  spheres,  as  in  jig.  2.  A,  united  at  their 

rably  accurate  indicator  of  the  varia-  edges,  and  in  y^.  2.  B,  where  it  is  seen 

tions  of  temperature.  in  profile. 

The  thermometer  ascribed  to  San-  F^.  2,  A.           F^.  3.  B. 
torio  and  to  Drebbel,  is  pre-  jkj.  i 
cisely  the  same  in  form  and 
principle.  Itconsistsofaglass 
tutw,  with  a  ball  blown  on  o 
of  its  extremitiea  A,  ijtg.  l„ 
and    having    the    other    end 
open.     A  portion  of  the  air  in 
the  ball  IS  expelled  by  heat, 
and  then  the  open  end  of  the 
tube  is  immersed  in  any  liquid 
contained  in  the  cup  e.    As  the 
ball  cools,  the  included  air 
diminishes  in  volume,  and  the 
liquid  is  forced  into  tiie  stem, 
ai  at  6,  bv  the  pressure  of  «■ 
the  atmospnere,   until  it  re-     ^ 
pltou  the  volume  of  ur  whit^  was 


to  San- 
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In  the  obscure,  and  often  almost  im> 
intelligible,  writings  of  our  countryman, 
Sr.  Robert  F!ud,  published  about  the 
banning  of  the  seventeenth  century, 
frequent  mention  is  made  of  the  ther- 
mometer, or,  as  be  calla  it,  tpeculwa 
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CdmdimmK ;    and  Ihe  coinmon  lii  lity  of  adupting  khim  fixed   Pig,  3. 

Ihermomrter  it  repMteillr  fisured  in  scale  to  the  tube ;  but  their        n 

\\\a  aini^Br  works  DePMlotopniaMof-  nttempts  were  not  vei^  sue-     i  J|^ 

tiaea,'  with  its  ■tern  equally  divided  cexsM    They  described  the    ^     E? 

into  un  Mcendingtuiddesccnduigaeriec,  thermometer  u  eoD silting  of 

eneh  of  7  degrees,  reqtectirely  appro-  &  ball  and  tube  of  luch  rel»- 

priated  to  winter  and  to  ■ucomer.    It  u  live  size,  "  that  on  filling  it 

obvious,  that  the  ure  of  an  air  thenno-  to  a  certain  mark  of  its  neok 

meto',  on  such  prindplet,  is  only  limited  with  spirit,  the  cold  of  inow 

byconvenience,  and  ihe  length  of  theoo-  and  iee  will  not  ci        •  '-•  " 

liimn  of  hquid  which  the  preiaitre  of  below  30  d^neii 

the  atmosphere  can  luMain  m  Ihe  tuba,  the  item;  nor,  on  t 

As  originally  made,  they  were  nnvrieldr.  hand,  the  grettstt  beat  of 

they  could  not  be  api^ied  to  lu^  tem-  wimmer  eKpand  it  more  than 

pemtures,  and  were,  betide*,  liable  t«  80  d^^rees."*    Hiii  method 

two  Tery  important  olyections,  as  indt-  is  undoubtedly  enoHMU,  in- 

caton  of  the  atmospheric  changes  at  asmucb  as  the  last  point  could 

temperature, — they  were  liable  to  be  be  of  no  detemunate  tein- 

afibcted  not  on^  t7  bent  and  cold,  t>ut  {>erature ;    and  their  method 

by  the  varying  pressure  of  the  atmo-  of  graduation    ii    in    itself  | 

sphere  ;    and  the    scales   adapted    to  rather  rude.      The   tube  ia 

them  were  arhitrary,  and  without  6zad  'Jirected   to    be   divided   by 

pumtt  for  the  comparison  at  obiem-  compasses  into  ten  equal  perta,  these 

tlons  made  with  difia«nt  initnimenta.  divisions  are  to  be  marked  "  by  a  little 

The  first  oUection  was  foreseen  and  button  of  wAt'te  enamel;  and  these  may 

obviated  by  the  scientiflc  members  of  be  further  subdivided  by  the  eye.  and 

the  Florentine  aoademy  del  Cimmto,  the    intermediate  decrees  marked  by 

assembled  under  the  auspices  and  pa-  buttons  of  glass,  or  of  blaeh  enamel." 
tronage  of  Fanando  II.,  Grand  Duke       This  instrument  was  variously  modi- 

of  Tuscany,    tn  the  first  article  in  the  ti<2d  by  them  to  suit  different  purposes. 

C'  lished  transactions  of  that  learned  The  ball  was  occasionallv  ehlarged,  and 

y,t  we  find  a  full  description  end  the  tube  reduced  in  thickittss  to  render 

delineation   of    a   thermometer    from  the  instrument  more  sensible ;  and  in 

which   the  influence    of    atmospheric  the  work  already  quoted,  we  find  a 

pre!<sure  is  excluded,    llie  expansion  figure  of  a  thermometer  of  this  sort, 

of  spirit  of  wine  is  employed  to  ascer-  with  the  stem  spirally  twisted  to  render 

tain  the   temperature,  instead  cf  the  it   more  portable,    and  lest  liable  to 

dUatation  of  air ;  and  the  instrument  is  accident. 

seated  hermetically,  as  it  is  termed,  or        Another  invention  of  those  philoso.. 

has  its  orifice  ckised  by  melting  the  phers  to  indicate  changes  of  tempera- 

glkss,  after  the  introduction  of  as  much  ture  may  be  here  noticed.    It  consisted 

spirit  as  fills  the  bulb  and  a  portion  of  of  hermetically  sealed  spherules  of  glass, 

the  stem.    The  method  employed  l^  of  different  spedflcgraviUes,  introduced 

the  Florentine  academicians  is  nearly  into  a  wide  tube  filled  with  pure  8[nrit. 
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that  still  used  by  the  makers  of  the  The  degree  of  the  Florentine  thennome- 

instniment;    namely,   by  heaHng  the  terat  whicheachsankwasnoted.andby 

bulb  in  the  flame  of  a  lamp,  to  expel  hanging  this  instrument  in  M  arart- 

the  air,  and  then  immersing  the  opeB  ment,  it  somewhat  slowly  showed  the 

end  of  the  tube  in  the  liquid  destined  to  variations  of  the  temperature  of  the 

fill  the  thermometer,    Aa  the  t>all  ooola,  surrounding  air.t    Impertect  as  these 

the  atmospheric  pressure   forces   the  attempts  were,  they  paved  the  way  to 

liquid  into  the  stem  and  ball,  to  supply  very  miportant  improvements  in  ther- 

tbe  vacuum ;  and  the  orifice  ia  dosed  mometers. 

t>y  melting  with  the  blowpipe  the  end  The  indefatigable  Boyle  appears  early 

of  the  tube,  fi^m  which  any  excess  of  to  have  tumedhis  attention  to  the  im- 

the  liquid  may  be  previouslr  expdled  provement  of  the  thermometer,  and  his 

by  again  heating  the  ball.  C-Mf-^.)  flrat  attempts  were  on  the  air  thermo- 

The  Florentine  academicians  appear  meter,  or  the  weather-glass,  as  tt  was 

also  to  bare  been  aware  of  the  neces-  then  i^lcd.    He  rendered  the  instru- 
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ment  more  convenient,  by  maldng  one 
reservoir  for  the  liquid  and  for  the  air 
at  the  bottom  of  the  tube ;  and  thus  the 
theiroometer  might  be  conveniently 
dipt  in  a  fluid,  or  applied  to  any  body 
for  ascertaining  its  temperature-  "  The 
thermometer,"  he  gays,  "  being  made 
by  the  insertion  of  a  cylindrical  pipe  of 
glaai  (open  at  both  endi)  into  a  phial 
or  bottle,  and  by  exactly  stopping  with 
sealing  wax,  or  verv  close  cement,  the 
mouth  of  the  phial,  that  (he  included 
air  may  have  no  commumcation  with 
the  external,  but  by  the  newly  men- 
tioned pipe."'"  Ifaportionof  anyliquid 
■ufficient  to  cover  the  loner  extremity 
of  the  pipe,  be  contained  in  the  botUe, 
it  is  obvious,  that  the  expansion  of  the 
enclosed  air  will  elevate  the  included 
liquid  in  the  cylindrical  pipe ;  and  this 
liquid  will  again  descend  on  the  contrac- 
tion  of  the  enclosed  air  -.Jig.  4, 5.  Mr. 
Fig.  i.         Fig.  5. 
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Soyle  likewise  showed  that  no  depend- 
ence could  be  placed  on  the  indications 
of  upenair  thermometers,  under  different 
degrees  of  atmospheric  pressure;  and 
he  states,  that  on  plun^ng  the  bulbs  of 
dtfi^rent  tbermometera  m  liquids  of  veiy 
difi^nt  specific  gravities,  as  mercury 
and  water,  the  liquor  in  the  stem  stood 
at  unequal  heights,  though  botli  had 
been  long  exposed  to  the  tame  tempera- 
ture. 

The  Florentine  thermometer  was 
about  that  lime  introduced  into  Eng- 
land, and  duly  appreciated  by  both 
Boyle  and  HooKe.  The  specimen  seen 
by  these  philosophers  was  filled  with 
eolotirleii  tpirit,  but  they  made  use  of 
■pint  of  wine,  tinged  Dy  cochineal, 
"  of  a  lovely  red  ;"  and,  says  Boyle, 
*  'tis  pleasant  to  see  how  many  inches 
t  mild  degree  of  heat  will  make  the 

•  Work!  «f  HsB,  Babnt  BiiTk,  Itilia,  ToL  iL  p. 


tincture  ascend  in  the  cylindrical  stem  of 
one  of  these  useful  insbiiments."*  Boyle 
was  fiilly  aware  of  the  imperfection  of 
the  scales  hitherto  applied  to  the  ther 
mometer,  and  sought  to  discover  a  re- 
medy. He  proposed  to  obtain  a  fixed 
point  in  the  scale,  by  marking  the  height 


thawing  oil  of  aniseeds ;  a  point 
which  he  preferred  to  that  of  thawing 
ice,  because  the  former  could  be  readily 
obtained  at  any  time  of  the  year.  His 
method  of  making  two  or  more  com- 
parable thermometers,  however,  would 
be  found  extremely  difficult,  if  not  im- 
possible, in  practice;  it  is  best  ex- 
plained in  his  own  words.  "  For  if  you 
put  such  rectified  spirit  of  wine  into  a 
glass,  the  cavi^  of  whose  spherical, 
and  that  of  its  cylindrical  part,  are  as 
near,  as  may  be,  equal  to  corresponding 
cavities  in  the  former  glass,  you  may 
by  some  heedful  trials,  made  with 
thawed  and  reeongealed  oil  of  aniseeds, 
bring  the  second  weather-glass  to  be 
•omewhat  like  the  first ;  and  if  you 
know  the  quantity  of  your  spirit  of 
vine,  you  may  easily  enou^  make  an 
estimate,  by  the  place  it  reaches  to  in 
the  neck  of  the  instrument,  whose  capa- 
dty  you  also  know,  whether  it  expands 
or  contracts  itself  to  the  40th,  the  30th. 
or  the  3Dth  part,  Gec.  of  the  bulk  it  was 
ot  when  the  weather-glass  was  made."t 
Boyle  mentions  tha^  an  "ingeniotit 
man"S  had  proposed  the  freezing  of 
distilled  water,  as  a  fixed  point  in  the 
scale  of  thermometers ;  but  he  himself 
evidently  gives  the  preference  to  the 
congealing  point  oi  aniseed  oil.  Dr. 
Halley  proposed  to  regulate  tlie  scale  by 
the  uniform  temperature  of  such  a  ca- 
vern as  that  under  the  Observatory  of 
Paris,  or  the  point  at  which  spirit 
boili ;  and  he  also  suggests  the  fixing 
of  the  scale  from  the  boiling  of  taUer. 
This  point  he  considered  ea  an  invari- 
ably fixed  one,  not  liable  to  alteration 
from  external  drcumstances ;  and  the 
same  idea  was  entertained  by  Amon- 
tons.  With  a  single  point  so  fixed,  the 
method  attempted  by  Boyle,  Halley, 
and  Hooke  was  to  calculate  the  pro- 
portion of  the  stem  to  the  ball,  and  thus 
to  determine  the  increase  in  bulk  of  the 
whole  liquid,  by  a  certain  temperature. 
Dr.  HooKe  describes  a  method  of  ob- 
taining this  t)y  comparing  theexpansions 
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»f  the  thermometer  to  be  gr&duated,  early  awsre  of  the   inconvenience   of 

with  those  of  the  liquid  in  an  accurateiy  gpint  as  a  thermometric  fluid,  and  em- 
formed  cylinder  of  metal,  two  inches  in  ployed  linseed  oil  to  fill  his  thermo- 
diameter  and  depth,  and  having  cement-  meter.  It  has  the  advantage  of  being 
ed  to  its  top  a  gjass  pipe,  juat  Vi  of  Uie  able  to  endure  a  very  conii^rable  tern- 
diameter  of  the  cylinder:*  measm^  off  perature,  without  endangering  the  burst- 
two  inches  of  the  stem,  above  the  cylin-  mg  of  the  tube,  and  therefore  can  be 
der  of  metal,  and  divide  the  space  be-  applied  to  a  higher  range  of  tempera- 
tween  them  into  1 0  equal  parts,  so  that  ture  than  a  spirit  thermometer.  It  tias 
each  division  of  the  stem  will  =  y,/,,  of  the  disadvantage,  however,  to  be  more 
the  capacity  of  the  cylinder.  The  ther-  sluggish  in  its  movements,  and  to  ad- 
mometer  to  be  graduated  has  Ihe  com-  here  much  to  the  inside  of  the  tube, 
mencement  of  its  scale,  or  0°,  fixed  by  while  it  differs  greatly  in  its  fluidity  at 
markingthe  pointat  whichtheincludea  different  temperatures.  Newton  per- 
liquid  stands  in  the  stem,  when  the  bulb  ceived  the  convenience  of  having  two 
is  plunged  in  distilled  water  just  begin-  fixed  points  in  the  construction  of  the 
ing  to  freeze ;  and  the  rest  uf  the  pro-  scale ;  and  he  used  the  freezing  and  boil- 
cess  he  details  in  these  words.  "  Fill  ing  points  of  water  as  the  most  suitable 
this  cylindrical  vessel  with  the  same  for  this  purpose.*  His  method  of  gra- 
liquid  wherewith  the  thennometera  are  duating  his  oil  thermometer  is  given  in 
filled,  then  place  both  it  and  the  ther-  the  Prindpia.  The  oil,  at  the  tempe- 
momeler  you  are  to  graduate  in  water  r«ture  of  melting  snow,  was  supposed  to 
that  is  ready  to  be  frozen,  and  bring  the  consist  of  10,000  equal  parts,  which, 
surface  of  the  liquor  in  the  thermo-  when  heated  to  the  temperature  of  the 
meter  to  the  first  mark,  orO";  then  so  human  body,  ex[Anded  to  10,256;  at 
propordon  the  liquor  in  the  cylindrical  Uie  temperature  of  water  strongly  boil- 
vessel,  thatthesi^ece  of  it  may  just  he  ingtolO,725;  and  at  that  of  tm  be 
at  the  lower  end  of  the  small  glass  giimingto  congeal,  to  I1,S16  parts.  In 
cylinder ;  then  very  ^ntly  and  gradu-  the  first  instance  the  ratio  of  expansion 
ally  warm  the  water,  in  w^ich  both  the  is  as  40  to  39  ;  in  the  second  as  IS  to 
thermometer  and  the  cylindrical  vessel  m  ;  and  in  the  third  as  IS  to  13  nearly, 
stand,  uid  as  ^ou  perceive  the  tinged  Hence,  by  taking  the  temperature  of  the 
liquor  to  rise  m  both  stems,  with  the  oil  in  the  ratio  of  the  rarefaction  and 
point  of  a  diamond  give  several  marks  assuming  12  as  the  heat  of  the  human 
on  the  stem  of  the  thermometer,  at  body,  Ihe  temperature  of  water  briskly 
those  places  which,  by  comparing  the'  boihng  will  he  34  degrees,  and  of  con- 
expansion  in  both  stems,  are  found  to  gealing  tin  72  degrees.-^ 
correspond  to  ttie  divisions  of  the  cylin-  Newton  continued  his  scale  of  tem- 
drical  vessel ;  andhavingbythismeans  perature  farther  liy  observing  the  rate 
marked  some  few  of  the  divisions  on  of  cooling  of  heated  bodies,  until  h« 
the  stem,  it  will  be  veiy  easy  by  these  could  apply  his  thermometer  to  them, 
to  muk  all  the  rest  of  the  stem,  and  on  the  principle  that  equal  decrementi 
aocoh^^y  to  assign  to  eveiy  division  of  temperature  take  place  in  equal 
%  proper  character."1-  This  ingenious  times.  It  was  thus  he  estimated  the 
method  is,  however,  more  difficult  in  temperatureof  iron  heated  to  the  utmost 
execution  than  any  one,  unacquainted  intensity  of  a  small  kitchen  fire  equal  to 
with  such  operations,  will  readily  sup-  194  dep-ees,  and  in  a  fire  of  wood  about 
pose;  and  it  presupposes,  what  is  not  200  or  210  decrees  of  the  same  scale, 
easy  to  accomplish,  a  very  perfect  ad-  It  is  perhaps  unfortunate  for  the  phi- 
justment  of  the  metallic  cjlinder  and  losophy  of  heat  that  more  sublime 
theglasssteminlhestandardinstrumenL  and  dazzling  otgects  drew   Newton  to 

Dr.  Hooke  appears  invariably  to  have  other  puramts.     Though  he  led  the  way 

used  in  his  thermometers  spirit  of  wine  to  just  views  of  the  subject,  neither  he, 
"  hi^ly  tinged  with  the  lovely  colour  of    nor  any  of  his  predecessors,  app«y  lo 

cochineal,  which  he  deepened  by  pouring  have  been  aware  of  the  influence  of  the 
in  it  some  drops  of  common  spirit  of  vamng  atmospheric  pressure  on  the 
urine."  boihng  points  of  liquids  ;  nor  do  any  of 

The  sagacity  of  our  illustrious  New-       .pdu  tt.^ 
ton  saw  the  importance  of  improving       ^  •.  po^dn  akiia  i^ai  ipaiu.  nnfHiimit  pi«- 
thermometers.  He  appears  tohavebeen    portoiijiifc  •ipto  «1o™  ™r«o.hMii»Bi  imib^ 
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them  won  to  hun  wmudered  that  the  the  importanM  of  fixed  pcniiti  in  Uw 
TMjmg  eipansions  of  the  thennome-  thennometrio  scale,  and  [voposed  to  c4>- 
tric  liquids  at  different  temperatures,  tun  them  from  the  boiling  ffg,  j, 
•nd  the  expansions  of  the  K^asi  of  the  point  of  water.*  His 
initrument,  must  have  material];  af-  thermometer  eontifted  of 
fected  every  attempt  to  subdivide  the  a  tube  four  feet  in  length, 
■tern  of  the  thermometer  into  fractional  ending  bt\ow  in  a  ball 
parts  of  the  whole  bulk  of  the  eon-  bent  upwards,  as  in  ^.  7, 
tuned  liquid.  and  open  at  the  other  ex- 
One  of  these  questions,  however,  tremi^.  Ilie  measure  of 
seems  to  have  abqut  that  time  engaged  the  temperature  was  the 
the  attention  of  philosophers,  tni.  whe-  daaticitjr  of  a  given  por- 
tiler  equal  increments  of  temperature  lion  of  air  included  in  the 
omsed  equal  expansions  of  the  thermo-  ball,  and  subjected  to  a 
metric  fluid.  Dr.  Brooke  Taylor  tried  pressure  equal  to  too  oi- 
the  experiment  with  an  oil  thermometer,  matphtrm,  by  adding  to 
by  mixing  defiaite  portions  of  hot  and  the  usual  atmospherie 
cold  water,  and  measuhiiK  the  tempe-  pressure  that  of  a  column  ofmercmyoF 
ralure  of  the  mixture.  His  conclusion  28  French  inches.  Each  half-inch  of 
was  in  the  affirmative,  but  the  delicacy  his  tube  is  therefore  equal  to  one  inch 
of  his  instruments  was  unequal  to  the  under  the  usual  pressure ;  and  hence  at 
solution  of  this  nice  problem,  although  a  mean  pressure  of  28  IVench  inches, 
he  has  the  merit  of  pomting  out  how  the  the  volume  of  the  compressed  sir  is 
problem  is  to  be  solved.  really  equal  to    36  inches  under  the 

The  construction  Bid  uses  of  ther- 
mometers early  engaged  the  attention 
of  the  French  AeadAaie  det  Science*; 
and  several  were  constructed  by  Mr. 
Uubin  for  that  learned  body ;  but 


rf» 
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In  passing  from  the  mean  tempenu- 
ture  of  a  Parisian  spring  to  the  heat  of 
boiling  water,  Mr.  Amontons  found  that 
these  5S  inches  were  mcreased  by  one- 


ther  these,  nor  the  thermometers  placed  third,  orl  S  inches  S  line*,  and  therefore 
in  the  observatoiy  of  Paris  by  De  La  he  fixed  the  boilmg  point  of  his  scale  at 
Hiie,  appear  to  have  been  graduated  56+18,8=74  inches  8  lines.  To  mes- 
on any  fixed  principle.  The  Memoirt  sure  this  on  Amontons's  principle  atube 
^U«i<cadniy  contain  several  descrip-  of  47  inches  is  quite  simicienl ;  for  74 
Uons  of  thermometers,  and  an  account  inches  8  lines  minus  28  inches,  the  at- 
of  many  interesting  observattDns,  with  mospheric  pressure  which  need  not  be 
these  instruments  ;  but  the  first  altera-  considered  m  the  leneth  of  the  tube,  is 
tion  in  theh  construction  deserving  of  equal  to  46  inches  8  unes  -,  and,  indeed, 
notice  is  the  air  thermometer  of  Qeof-  u  in  Amontons's  process,  the  compres- 
froy,  which  from  the  short  description  lioa  at  high  temperatures  is  ratho-  more 
appears  to  be  an  improvement  on  that  than  in  the  duplicate  ratio  of  the  ur  we 
of  Boyle,  inasmuch  as  it  is  not  affected  breathe,  the  mercury  in  boiling  water 
\n  atmospheric  pressure.  He  descritKS  will  not  rise  above  4S  of  his  scale.f 
tine  tube  as  without  any  opening,  except  There  is  a  slight  discrepancy  tietween 
"     "    "           '      ■        '      Fig.'          " ^-— ' '-'• .  —  -■-.>-  — 


one,  which  descends  almost 
to  the  bottom  of  the  ball, 
and  there  dips  into  a  small 
portion  of  coloured  liquid.* 
There  is  no  figure  given 
in  the  original,  and  but  a 
very  rude  one  in  our  Phi- 
htophieal  Trantactiont,-^ 
seemingly  from  the  de- 
scription. It  is  not  stated 
how  the  boll  was  joined  to 
the  tube,  but  it  was  most 
probably  by  cement,  as  re- 
presented mfig.  6. 
M.  Amontons  clearly  saw 


the  original  account  of  Amontons'sther 
mometer  and  that  given  by  Martine, 
who  states  its  boiling  point  at  73  inches, 
and  its  freezing  pomt  at  St}  inches; 
but,  according  to  the  Academicians,  the 
latter  will  be  at  &3  inches  and  about  8 
lines.  The  mgenious  contrivance  of 
the  double  pressure  enabled  him  to 
apply  the  instrument  to  measure  the 
temperature  of  boiling  water,  by  a  tube 
less  than  four  feet  in  length.t 

Although  the  idea  of  Amontons  was 
a  fine  approximation  to  an  universal 
standard  for  a  thermometric  scale,  the 
instrument  is  Uable  to  such  objections 


Wfl 


Urn.  Kami.  loa.  liU.  p.  DO. 
t  rUL  Thm.  toL  EdiL  p.  M>. 


DMz.dDyG00gIC 


THERttOHIETBIt  AND  FYSOHETEH.  7 

Ihsf  iti  jninoipla  aeeni*  icsrocd^  erer  to  heit'i  loale  ma  prapoied,  ita  lero  wu 

have  been  put  in  pntctioe,  except  by  iti  derived  from  the  Kiiflraal   cold  pro- 

inventor  ud  the  Mwohese  Pdeni.*    It  duoed  by  &  mixture  of  salt  and  mow, 

u   diffloult    to  oonitruct  two    instrn-  then  luppoied  to  be  the  lowest  posii- 

menta  which  thall  eoirespond,  from  the  ble  reductioD  of  temperature.     Thii, 

TKiying  exponsibih^  of  air  aecordiDg  however,  seem*  to  be  intiGcurate:  Boer- 

*o  it*  moiature  v  mjmeas ;  the  indioa-  haave  *  five*  a  difitrent  account  of  the 


tioni  are  liable  to  De  afibcted  bjr  the  matter,  which  i«  repeated  in  Ihe  PkHo- 
fluctuation*  of  atsioiphericpre**ure;  it  topkital  Tratuactlon*.  t  llie  aero 
bliabtetobederannd^theeioqwaf    wa*  fixed  from  "  the  lowert  cold  ob- 


■  portion  of  the  indnd^air,  whtn  the  aerred  in   Vtlaad,"  (leeland);    which 

itutmment  il  moved  about ;  it  is,  more-  was  snppoaed  to  be  as  low  t,  tflmper^ 

ovo-,  too  tmwieldj,  and  very  liable  to  be  ture  as  was  likely  to  become  the  object 

broken.  of  philosophic  investigation :'  but  when 

Much  about  the  period  when  those  artificial  methods  of  reducing  the  tem- 

atterapti  to  perfect   the   thermometer  peratute  of  bodies  much  lower,   and 

were  made  m  France,  important  im-  occasional  natural   colds  brought  the 

fvovemcnt*  on  it  were  effected  in  the  mercury  below  that  point,  a  scale  of 

north  of  Qcrmany  and  in  Holland,  by  equal  parts  was  extended  below  the  0°; 

the  introduetion  of  qnickailyer  a*  the  the  ascending  seriea  of  decree*  being 

tbermometrio  fluid.  distinguished  by  ngn  +  or  ptut,  and 

The  objeetiara  we  have  stated  to  the  the  duoending  series  by  the  sign  —  or 

use  of  the  spirit  thermometers,  and  to  miiuit. 

thft  <ril  thermometer  of  Newton,  led  the        "nie  principle  which  dictated  the  p#- 

way  to  the  ■mployment  of  quicksilver  AJMrt&vtiMMofthescale  is  aafolknra. 

in  the  oonstruotion  of  the  instrument.  When  the   instrument    stood    at   the 

])r.  Hall?  alhidei  to  aerwal  advantages  f[reatest  cold  of  Iceland,  or  C  d^ree, 

of quiekiilYflr  a*  a  thermuuietrie  flubi,  but  it   was  compoted    to   contain   11,124 

•Mm*  to  have  rejected  it  on  the  ground  Mual   part*    of   quicksilver ;    which, 

oflts*Hghtaxp(uunonbylieat,t  a£bou|^  when   plunged  in  melting  snow,   ex- 

thia  oti^etion  might  have  so  easily  been  pandedto  1I,1S6  parts ;  hence  the  in- 

obviatM  tninravaaing  thedis|nvportion  termediate  space  was  di^ded  into  3'J 

betwerai  the  bulb  a^  the  diameter  of  equal   portions,    and  32°    was   taken 

the  tube.   On  this  aecount  the  elaiin  set  as  the  frceiing  point  of  water  1  when 

up  for  his  title  to  priority  of  invention  the    thermometer    was    plunged    in 

may  justly  be  denied.    It  is  most  pro-  builmg  water,  the  quickulver  was  ex- 

baUe  that  science  is  indebted  for  this  panded  to  11,836  parts  ;  and  therefore 

■reat  improTement  to  Roomer,  the  cele-  Sl2°was  marked  tu  the  boiling  point 

Dratedaatronoma- ofDantiie,  to  whom  of  that  fluids    Iti  praetiot,  Fahren- 

the  inventiosi  ia  ascribed  t^  Boerhaave,  heit  determined    the  divisions  of  hi* 

u  wellaa  theflnt  ideftof  the  soalenow  scale  from  two  fixed  points,  the  freei- 

known  a*  that  ol  Kahranbeit    Boer-  ing  and  boiling  of  water :  f/tt  theory  of 

haave   foftbor  add*,  that  as  early  as  the  division,  if  we  may  so  speak,  was 

170S.  RoenMT  obNrved  with  that  in-  derived  from  the  lowest  ookl  observed 

■frument  a  natural  cold  so  interna  to  in  Iceland,  and  theexpanaions  of  agiven 

aink  the  ravemy  to  the  t>ennning  of  portion  of  nimmry. 
the  seale.I    Thermometers  of  this  con-        The  mercmiai  thenaometer  wa*  used 

atnidian  b^an  to  be  made  by  Daniel  by  the  Italian  philosopher  Renaldini 

Oabrlel  Fahnnbwt,  a  nativa  of  Daatkic,  before  the  end  of  the  seventeonth  oen- 

wbaaftnwards  Uved  at  Amsterdam,  in  tury  ;  and  ha  prtnmsed,  in  1694,  an  in- 

■o  admirable  a  mannv,  that   he  has  genioua  method  of  graduatmgil  between 

liourally  bean  oonaideiod  the  origmal  the  fraeiingand  boiling  points  of  irater, 

inventor  ;tbtw  were  speedily  spread  over  Igr  successive  mixtures  of  determinate 

the  north  of  £miipe  under  ni*  name,  washts  of  boiling  and  iee  cold  water. 
Knd  atill  maintain  their  pound  in  le-        The  great  advantages  td  Fahrenheit's 

iwaloountiieauaapeciBl^ra  Britain.  thermometn'   over    every    other   pre- 

It  haa  eoraiiMW  been  aDeged,  that  vious  invention,  consiited  in  its  appli- 

at  the  time  when  BocmeT*!  or  Fahr«n-  cability  to  a  greater  range  of  tempera 
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ture,  from  the  freexin^  to  the  boiling  Dutch  philosopher  Crutjmua  made  ths 

point  of  quicksilver,  in  its  not  soiling  observations  published  in  the  Philoio- 

the  containing  tube,  and  in  its  receiv-  phieal   Traataetiimt,  (voL   xxwii.  No. 

ing  the  impressions  of  heat  and  cold  3Sl,)was  ansir  thennometer,  on  which 

more  readilj,  while  its  dpnaity  rendered  he  stales  the  freering  point  of  water  to 

capillary  tubes  Med  with  it  perfectly  be   indicated    by    1070°,   and  boiling 

visible;  and  thus  the  instrument  be-  water  by  1510°:  the  lowMt  known  cold, 

came  more  port&bte  and  delicate.    We  which  seems  to  have  been  the  t>egin- 

may  also  remark,  that  at  the  period  of  nimr  of  his  scale,  he  gives  —  1000°. 

its  mvention,  there  was  no  other  scale  Iiie  objectjons  to  the  thermometer  of 

in  use  that  couid  pretend  to  vie  with  it  Amontons  are  clearly  stated  by  Keau- 

in  accuracy  ;  and  it  still  possesses  the  mur,  *   who    proposed    to  adopt    the 

pecidiar  aavajitages,  that  bom  the  low-  freezing  and  boiling  points  of  water  as 

ness  of  its  0°,  the  observer  is  seldom  fixed  points  in  the  scale,  but  employed 

troubled  with    negative  d^rees,    and  spirit  as  the  thermomebric  fluid.    He 

from  the  number  of  its  divisions  has  unquestionably  (ell  into  error  when  he 

rarelj',  in  ordinary  operations,  to  use  stated  that  1000  parts  of  strong  spirit 

fractions  of  a  denee.  dilated  to  I0B7.5  psxts  in  passing  from 

We  are  indebted  also  to  Fahrenheit  for  the  freering  to  the  boiling  point  of 
the  knowledge  of  the  fluctuation  of  the  water;  for  how  could  strong  spirit 
boiling  point  of  water,  according  to  the  sustain  so  high  a  temperature  without 
difference  of  atmospheric  pressure.*  being  pttrtisSy  converted  into  vapour  ? 
LeMonnier,in  1739,  confirmed  this  fact.  His  proposal  was  to  use  spirit  of  just 
by  noting  the  temperature  of  boiling  such  strength,  that  between  these  two 
water  on  the  top  of  Mount  Canigou,  temperatures  it  should  expand  from 
one  of  the  Pyrennees;  and  in  1744  lOOO  to  1O80;  and,  commencing  his 
it  was  fully  established  by  Martin  scale  or  0°  ^  the  freezing  point  of 
Folkes,  who  found  that  water  boiled  on  water,  he  made  the  boiling  point  80°. 
the  summit  of  Pic  du  Midi  15°  of  The  princi^e  of  this  construction  was 
Fatu-Enheit's  scale  lower  than  at  Bag-  eood;  but  Dr.  Martine  has  shown  that 
neres  ;  and  at  the  latter  place  31°  lower  from  the  large  size  of  the  bulbs  of  his 
than  at  Bordeaux  ;  while  he  proved  thermometers,  which  were  frvm  3  to  4 
that  elevation  in  the  atmosphere  had  no  inches  in  diameter,  and  the  short  time 
sensible  influence  on  the  stability  of  the  they  were  immersed  in  the  freezing 
freezing  point.t  These  facts  led  to  mixture,  they  could  not  have  acquired 
an  important  correction  in  filing  the  an  uniform  temperature ;  and  accord- 
boiling  point  of  water  or  other  liquids,  ingly  Martine  found  their  freezii^  point 

It  would  now  be  a.  waste  of  time  to  too  ni^,4  and  the  error  in  the  boiling 

describe  minutely  the  various  thermo-  point  from  the  cause  already  alluded  to, 

meters  which  were  in  use  in  France  and  must  have  been  still  greater. 

England  before  the  time  of  Fahrenheit.  These  errors  might  have  been  obviat- 

They  were  all  without  fixed  points  in  ed  tjy  the  use  of  quicksilver  instead  of 

the  scale ;  and  though  they  were  vaunted  spirit  This  was  accordingly  soon  done ; 

&s  constructed  alter  the  models  in  the  by  whom   first  is  uncertain,  although 

Royal  Observatory  at  Paris,  or  in  the  there  is^  strong  reason  to  believe  by  I)e 

apartments  of  the  Royal  Society  ofLon-  Luc;  amd  the  mercurial  thermometer, 

don,  they  gave  most  discordant  results,  with  the  0°  at  the  freezing  point  of 

An  analysis  of  the  most  noted  of  them  vraler,  and  80°  as  its  boiling  point,  soon 

has  been  elaborately  and  ingeniously  became  general  in  France,  and  well 

attempted  byDr.  Martine  in  his  valuable  known  over  Europe  under  Uie  name  of 

Essays, andlheresultspresented  in  the  ileaumur't    Thermometer.      The   only 

very  convenient  form  of  a  tabular  view,  material  objections  to    such  a  scale. 

We  shall  therefore  pass  at  once  to  notice  when    the     instrument    is    accurately 

some  of  the  other  more  accurate  ther-  made,  arise  from  the  largeness  of  the 

momelers  that  have  been  employed  in  divisions  rendering  fractional  parts  of  a 

different  parts  of  Europe,  although  the  degree  of  frequent  occurrence,  and  the 

Cdple  in  them  all  is  similar  to  what  elevation  of  0°  often  introducing  +  and 
been  already  described.  —  degrees  in  a  series  of  observations. 
The  thermometer  with  which  the  even  at  common  natural  temperatures. 
_^_^^^___  The  mercurial  thermometerof  Mons. 
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J.  De  Lisle  of  8t  Petersburg,  difElns  M.  de  la  Lande,  in  1S04,  propawd  a 
fittte  in  principle  from  the  inatrumenta  new  thennometric  scale,  the  0*  or  mean 
just  mentioned ;  but  its  graduation  is  point  of  which  he  would  fix  at  the  mean 
inverted.  His  0"  is  at  the  boiling  point  temperature  of  the  earth;  which  he 
of  water,  and  he  continues  the  ^^adua-  gives  as  =  to  9°.5  of  Reaumur's  scale ; 
tion  doiomBordt :  and  conceiving  the  and  his  degrees  were  to  be  the  ten  mil- 
mercury,  at  that  temperature,  to  be  di-  lionth  part  of  the  volume  of  the  mer- 
vided  into  100,000  parts,  he  determined  curj  in  the  instrument.  Among  the 
the  degrees  by  the  contractions  of  the  advantages  of  such  a  division,  he  con- 
whole  mercury  as  it  cooled,  expressed  aiders  the  simpMcation  of  expression  in 
in  such  parls.^  The  distance  between  meteorological  observations — thus,  30* 
the  freezing  and  boiling  points  of  water  would  express  the  heat  of  summer  and 
on  this  scale  is  150°,  as  ascertained  by  eold  of  winter  ;  40°  a  hot  summer  and 
Dr.  Marline,  who  examined  one  of  Dr.  severe  winter;  while  the  smallness  of 
Lisle's  original  thermometers :  but  this  the  d^i^ees  would  obviate  the  use  of 
thermometer  seems  to  possess  no  advan-  firaclions  of  a  degree.  The  boiling 
tage  over  those  just  descrilted,  and  never  point  of  water  would  be  at  +  133, 
came  into  general  use  except  in  Russia,  and  the  congelation  of  mercury  at  — 
where  it  is  still  employed.  74°;  ice  would  melt  at  —  18°,  and  the 

Our  countryman.  Dr.  Stephen  Hales,  zero  of  Fahrenheit  would  bo  at  -  44,« 

employed  another  thermometer  in  his  ITiia    proposition    has    never  been 

experiments  on  vegetable  physiology,  adopted;  audits  advantages  seem over- 

The  0°  was  at  freezing  water,  and  the  ratiMl  by  the  inventor.    It  only  obviates 

highest  point  was  ascertained  by  placing  one  of  the  objections  ur^ed  against  thft 

the  instrument  in  hot  water,  on  whicR  scale  of  Celsius,  and  is  inferior  in  sim- 

wax   was  just  beginning  to  congeal ;  plicity  either  to  a  millesimal  division  of 

the  intervening  space  was  divided  into  the  interval  tietween  the   freezing  and 

100°.+    This  near  approach  to  a  true  boiling  point  of  water,  or  to  the  ther- 

centesiraal  scale  was  defeated  by  the  un-  mometrio  scale  proposed  by  the  late 

certainty  of  the  up^er  point,  arising  Dr.  Murray  of  Edinbur^    That  acute 

from  his  using  spirit  mslead  of  mercury  philosopher  proposed   to    employ  the 

in  the  tube,  and  the  difficulty  of  ascer-  freezbg  and  bouing  points  of  mercury 

taining  the  exact  moment  of  the  conge-  itself  as  the  extremes  of  his  scale,  and 

lalionof  the  wax.  to  divide  the    intervening  space  into 

In  the  year  1742,  the  Swedish  philo-  1000°.  It  is  a  more  natural  division 
sopher  Celsius,  professor  at  Upsal,  than  any  hitherto  proposed,  inasmuch 
divided  cenietimally  the  thermometer  as  it  is  talien  from  relations  of  the  liest 
known  in  the  north  by  his  name,  and  thermometric  fluid  itself  to  heat :  and  if 
wliich  has,  since  its  tacit  adoption  by  we  suppose  these  two  pohils  to  have 
the  PVench  chemists,  obtained  additional  been  acciu-atelv  fixed  at  —  40°  and  + 
celebrity  as  the  Thermomitre  Centi-  655"of  Fahrenheit,  the  freezing  point  of 
grade.  Celsius  commences  his  scale  water  would  be  99°,  and  its  boiling 
at  the  freezing  point  of  water,  and  di-  point  347°  on  Murray's  scale. 
vides  tlie  space  between  that  point  and  llie  advantages  of  this  scale,  are  that 
the  height  of  the  mercurial  column  in  it  will  very  seldom,  in  natural  tempera- 
boiling  water  into  100°.  This  appears  tures,  render  the  introduction  of  —  de- 
ft more  natural  and  simple  division  than  grees  necessary,  and  the  smallness  of 
any  that  had  been  previously  proposed,  ihe  divisions  supersede  the  employment 
and  it  possesses  several  advantages;  of  fractional  parts  of  a  d^;Tee,  in  ordi- 
but  it  has  two  inconveniences  of  some  nary  cases  ;  two  circumstances  of  con- 
importance  in  many  practical  opera-  siderable  importance  in  a  long  series  of 
tions.  Thus,  from  the  high  position  of  thermometric  observations. 
the  0°,  natursJ  colds  are  fre(]uenUy  to  Magellan  informs  us,f  that  M. 
be  noted  by  a  descending  series  of  fi-  Achard  of  Berlin  invented  a  thermome- 
gures,  and  one  column  of  observations  ter  for  ascertaining  high  temperature, 
may  be  hence  embarrassed  by  -H  and  —  which  is  a  true  Pyromeler,  and  might 
d^rees ;  while  from  the  large  space  have  been  inhMdueed  in  the  next,  sec- 
intercepted  between  the  degrees,  the  tion.  It  consists  of  a  ball  and  tube  of 
observer  is  frequently  obliged  to  com-  lemitranslucent  porcelain,  hi^y  baked, 
pute  fractional  parts  of  a  degree.              — - — ,;  „,    . .„.  'Z^T\ — 7~. — 

L '^  .    .. — .^ _-5 •JohtmI  do  Phniqae,  IBM.    NutxilioB'i  Jovi- 
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t  afiuible  aBaj  of  twopaits 
of  bismufh,  one  of  leul,  and  onsof  tm. 
In  the  temoerature  of  tbe  ur,  it  ramtini 
■oLd  in  tne  tlibe ;  it  becomei  fluid 
about  the  btnling  point  of  water ;  then, 
aj  a  fluid,  expands  by  ioureate  at  ten- 
perature ;  and  it*  espanaion  being  Men 
through  the  lemitranBluoent  tuba, 
which  ii  divided  into  equal  parts  or  da- 
greei,  becomes  an  indication  of  the 
temperature  i^ipUed  to  the  ball. 
I  lliif  invention  promiees  to  be  of  eon- 
riderable  utility,  and  ii  capable  of  ex- 
tension by  the  employment  of  less 
fusible  melals.  Frotq  the  Rimplidty  of  ' 
its  construction,  it  ii  rather  surpnting 
that  it  has  not  twen  more  gener^y  . 
known,  and  employed  in  iiatteriea, 
where  the  instrument  could  M  easily 
made.  An  initrument  on  this  con-  , 
strudion  would  be  a  tielter  method  of 
uniting  the  scales  of  the  common  ther- 
mometer and  pyrometer  than  any  here  • 
tofbre  employed. 

Of  these  various  thermometric  loalei 
there  are  but  three  in  very  general  uh, 
vie.  that  of  Fahrenheit,  GeUiui,  and 
Reaumur.  Fahrenheit's  is  chiefly  used 
in  Britun,  North  America,  and  Hol- 
land :  the  scale  Of  Celsius  was  adapted 
t)y  the  Fl'ench,  and  is  now  employed  in 
most  parts  of  the  north  ana  middle 
of  Europe:  Reaumur's  was  the  only 
one  used  m  France  before  the  Bevolu- 
tion,  and  is  still  that  best  known  in 
Spain  and  in  some  other  continental 
stales ;  but  it  is  further  important,  as 
afibrding  the  termi  in  which  numeroua 
very  valuable  observations  are  recorded. 

For  these  reasons  it  is  useful  to  have 
formulie  for  readilv  converting  one 
scale  into  the  equivalent  d^rees  of  the 
other  two.  The  freezing  point  of  teatw 
on  Fahrenheit's  scale  is  at  32°,  and  on 
those  of  Celsius  and  Reaumur  at  0", 
while  it  boils  on  each  respectivdy  at 
ISO*',  100°,  and  BO*,  atmve  that  point. 
Hence  the  degrees  of  Fahrenheit  are  to 
those  of  Celsius  as  180:180  =  18:10 
B  9 : 3,  and  to  those  of  Raanmur  ai 
180:80=  18.8  s  B:4—,  or  9°  of  Fah- 
renheit are  equal  to  i°  of  Celsius  and 
to  4°  of  Reaumur.  Therefore,  when  we 
wish  to  convert  tbe  degrees  of  Celsius 
into  those  of  Fahrenheit,  we  liave  to 
multiply  the  number  of  the  former  by  9, 
divide  by  5,  and  add  32 ;  to  reduce 
the  degrees  of  Fahrenheit  into  those  of 
Celsius,  the  convertt  of  the  proposition 
will  give  the  required  result ;  that  is, 
from  the  degree  of  Fahrenheit  sutitract 
32,  than  Bnuiiply  b/  6,  and  divide  by  9. 


Whao  we  wida  to  eonfat  tba  depM  of 
Raaunmr  into  thoae  of  Fahranheit,  «• 
hava  to  multiply  bj  9,  divide  by  4,  and 
add  S2 ;  and  subtracting  32  from  the 
given  degiee  of  Fahrenhnt,  multipt^ng 
tba  remamdar  by  4,  and  dividiw  by  9, 
will  give  the  equivalent  degree  of  Haao- 
murs  scale. 

The   fallowing  short    formulse  will 
ap^y  to  each  eaac: 


f.15k 


3a. 


(P- 

-  3S)  X  9 

9 

SR 

4 

+  «. 

(F- 

.  32)  X  4 

lliese  formnlte  tpplj  to  all  degrees 
above  the  freezing  point  of  water ;  but 
when  negative  degrees  of  Celsius  are  to 
be  converted  into  the  eouivalents  on 
Fahrenheit's  scale,  multiply  the  degree 
of  Celsius  ty  9,  (fivide  by  S,  and  the 
difTerence  between  the  quotient  and  3a 
is  the  required  degree  of  Fahrenheit : 
or  when  negative  degrees  of  Fahrenheit 
are  to  be  reduced  to  their  equivalents 
on  the  scale  of  Celsius,  add  32  to  the 
given  degree  of  Fahrenheit,  then  multi- 
ply by  fi,  and  divide  by  9.  By  substi- 
tuting 4  far  5,  the  sane  formuls  will 
apply  to  Fahrenheit  and  Reaumur,  all 
whicn  may  be  thus  expressed : 

I.  -  P  =  ?^  «  38. 

8.  .   0,ty  +  3»)xi 


-R 


(F  +  32)x  4 


Tia  formula  are  convenient  for  re- 
ducing a  few  examples  from  one  scale 
to  another ;  but  when  they  perpetually 
occur  in  reading  or  writing  it  is  vety 
useftil  to  have  oomparative  tables,  from 
which,  by  one  ^ance,  the  deaired  infor- 
mation may  be  obtained. 

}  2.    PiteouHon*  tucatiary  to  hv  ob- 
tened  in  eotutruetmg  aeatntt  Ther- 
fnometert. 
A  general   idea  has   been    already 

given  of  thq  modo  o(  eraftntcting  a 
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flMnBometar,  bnt  when  mueh  uounoy  th&t  by  (lightly  compretsing  th^  bolba 

ia  required  there  are  msoy  oioctiM  that  between  the  finger  aod  thumb,  the  mer- 

demaitd  attentiun.  eury  in  the  atem  roie  tuid  fell  alter- 

1.    The  tube  ahould   be   of  equal  natel^  several  degrees,  aathe  nreiiure 

diameter  throughout  tiie  whole  stem,  waa  increased  or  diminished.    The  bulb 

Aa  obtuned  from  tht  g^aaa-hoiue,  the  and    atem   are  uauaDy  in   the    same 

tubea  are  in  reaU^  fructa  d  vmy  elon*  atroisht  line,  but  for  variouB  purpoiea 

nied  hollow  conea,  which,  by  extenaion,  the   tiulh    is    occasionally    pUcel    at 

become  more  cv  len  nearly  ^Undik&l ;  various  ei^^es  to  the  stem. 

and  aa  the  dinsiuns  of  uie  scale  are  In  forming  the  bulb  the  mouth  mnrt 

nauiUy  equal,  it  is  very  impmtant  that  not  be  employed  to  blow  it,  otherwise 

the  tiuM  abouU  not  poeqitihty  differ  moisture  will  condense    in  the  tube, 

ftom  &  tnie  ^linds.  which  ia  expelled  with  much  difficultv. 

For  these  purpose!,  after  a  tube  baa  and  if  suffered  to  remain,  will  greatly 
been  chosen  t^^  the  eye  aa  equal  in  impair  the  value  of  the  thermometer, 
calibre  >•  poadble,  the  beat  makers  Good  instrument-makera  use  a  small 
blow  «  bulb  on  it,  and  introduce  a  bottle  of  caoutchouc,  or  elaitic  gum, 
abort  eolomn  of  mercury  into  the  atoo,  tutaned  by  a  thread  on  one  end  of  ttie 
perhaps  an  inch  m  Iraigth,  which  is  aoou-  tube,  white  the  other  eitremitj  is  soft- 
lately  measured  on  a  fine  scale  of  equal  ened  by  the  flame  of  a  tallow  lamp, 
parts,  in  different  portions  of  the  tube,  urged  by  a  blowpipe.  By  compressing 
as  the  column  is,  by  the  heat  of  the  the  Ixittle.  after  the  orifice  of  the  soft- 
hand,  moved  fivm  the  bulb  to  the  open  Cned  end  of  the  tube  is  cloaed  by  the 
extrdnity  of  the  tube.  Should  the  mer-  aid  of  another  rod  of  ^aas,  a  bulb  is 
curial  column  subtend  the  same  formed  of  any  required  sue ;  but  a  neat 
number  of  divisions  on  the  scale  in  workman  will  rarely  consider  the  first 
eveiy  part  of  the  tube,  it  may  be  conai-  blown  bulb  sufficiently  well  formed  for 
dered  as  a  perfeet  tube  for  a  thennome-  his  purpose.  It  is  generally  dilated  till 
far.  it  bursts ;  the  glass,  while  still  sott,  ia 

The  late  Mr.  Wilson,  of  Glasgow,  in-  compressed  into  a  rounded  mass,  and  a 

troduced   (hermomelrie    lubes   of  an  freah  bulb  tbnned  of  a  regular  shape, 

tllqtliad  bore.    The  advantage  of  tlua  and  siie  jHvportioned  to  the  calibre  of 

fimn  is,  that  a  veiy  small  column  of  the  tube.    Should  the  artist  not  intend 

mercury  is  much  more  visible  when  it  ia  to  fill  the  tube  immediately,  he  usually 

expanded  at  right  angles  to  the  line  of  hermetically  seals  the  other  end  of  the 

vision.    If  due  precaution  he  taken  to  tube  to  prevent  tbe  entrance  of  damp 

ensure  the  equality  of  the  tube  thia  air  or  duat 

form  answers  well,  especially  fur  (»di-  ^  3.  The  precautions  necesaaiy  in  fill- 
nary  purposes ;  but  where  great  nicetf  ing  thermometers  with  mercury  are 
is  required,  we  would  recommend  the  exceedingly  well  given  m  Nicholson's 
cylindrical  tube.  C/iemulrj/.* 

3.  Tbe  form  and  jvoportion  of  the  The  mercuir  should  be  clean,  dry, 

bulb  may  vaiyaccordmgto  the  purpose  and  recently  boiled,    to  expel  air  as 

for  which  tbe  instrument  is  to  be  ap-  much  aa  possible.    Mercury  is  often 

plied.     The  larger  the  bulb  in  propor-  deaned    t^  thermometer- makers    by 

tion  to  the  stem,  so  much  more  deli  afptating  it  in  a  phid.  for  some  time, 

cately  susceptible  of  change*  of  temps-  with  sand,  and  then  straining  it  throiuh 

ratura  will  be  the  tbermomeW.     The  leather :  for  nice  instruments  it  shoiSd 

nherical  bulb  is  to  be  iffeferred,  fear  b«>  distilled  firom  iron  filings,  or  reduced 

this  shape  is  least  likely  to  be  afftcted  from  ita    sulphurets,    in    clean    iron 

by  the  varying  pressure  of  the  air ;  but  vessels,  at  a  moderate  heat 

when  the  bulb  is  very  large  this  form  The  bulb  to  be  filled  ia  heated  in  the 

renders  the  thermometer  leas  suaceptibla  flame  of  a  lamp,  and  the  open  extremity       ^ 

of  minute  changes  of  temperature,  and  of  ^^  luhe  is  immersed  in  the  mercury ; 

pyriform  or  cylindrical  bulbs  are  usually  aa  tbe  bulb  cools,  the  pressure  of  the 

ado[ited,  Alllargebulbsaiemoreorleai  atmosphere   forces  the  fluid  into  the 

sensibly  affected  even  by  slight  pres  tube  and  ball    Mr.  Nicbdson  recom- 

sure.  An  examination  ofmore  than  fifty  mends,  that  the  bulb  shoi^  be  but 

common  thermometers,  with  large  sphe  moderately  heated  at  first ;  so  as,  on 

rical  bulbs,  in  tbe  work-shop  of  an  cooling,  to  become  only  h^  filled.  He 

excellent  artist,  afforded  the  writer  of  advises  the  open  end  of  tbe  tube  to  be 

fcia  article  aa  o^urtuntty  of  obeerring  •  fliiiaoa«,p,«*. — ! 
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ui^  fhe  instrument  to  be  retained  a*  mitv  of  the  tube.    When  the  ball  faaa 

nearly  in  the  horaonlal  position  u  pos-  cooled  a  Lttle  the  sealing  is  rendered 

sible,  while  the  flame  of  a  newlj  anuffed  more  secure  by  furang  tix  g^s  more 

candle  is  applied  to  the  bulb,  so  aa  to  fully  around  the  top,  so  as  completely 

boil  the  included  mercury.    Hus  the  to  obliterate  the  orifice.    If  the  vacuum 

remaining  air  will  be  expelled ;  and  on  be  perfect,  the  mercury  will  Aill  to  the 

removing  the  candle,  the  mercury  will  extremi^  of  the  tube  on  inverting  the 

suddenly  fill  the  ball  and  part  of  the  thermometer,  unless  the  calibre  be  ab- 

tube.  solute^  capillaiy ;  in  which  case  capit- 

4.  To  ensure  a  ddieate  thermometer,  'lary  attraction  will  overcome  the  force 

the  mercury  is  next  to  be  boiled  in  the  of  gravity,  and  the  mercury  will  retain 

thomometer.    For  this  purpose  a  slip  its  position  in  the  tube,  in  every  aitua- 

of  clean  writing  paper  is  to  be  rolled  tion  of  the  instrument 

tiriit'y  around  the  upper  part  of  the  Where  there  is  a  complete  vacuum 

tube,  BO  as  to  form,  beyond  the  orifice,  in  the  tube,  the  mercury  must  be  well 

a  cup  or  cylinder  capable  of  containing  boiled  before  the  sealing,  as  above  di~ 

as  much  mercuir  as  the  bulb :  secure  reded ;  and  when  we  choose  a  thermo- 

this  round  the  tube  with  a  thread,  put  meter,  the  ready  falling  of  the  mercury. 


a  dropof  mercutvinto  the  piqiercavi^,  on  inversion  of  the  tube,  is  the  t>estt«t 

and  a^ain  apply  neat  to  the  bulb,  hold-  we  can  have  that  the  mercury  has  been 

ing  the  tube  by  the  part  covered  by  the  well  freed  from  air  and  moisture.     This 

paper.  The  mercury  will  soon  boil,  and  vacuum  is  not,  however,  so  essential  to 

atxtut  one-half  of  the  contents  of  the  the  true  action  of  the  thermometer  ax 

ball  will  rush  up  into  the  pdper  cup.  was  once  supposed.     A  thermometer 

On  removing  the  bulb  from  the  candle,  with  a  small  dilatation  of  the    tube 

the  mercury  will  suddenly  return.     Re-  when  sealed,  containing  some  common 

peat  this  operation  again  and  agiun,  air,  has  latelv  been  recommended  as 

until  the  speedy  boiling  of  the  mercury,  preferable  to  the  instrument  with  a  va- 

and  the  diminished  noise  imd  agitation,  cuum  on  the  surface  of  the  mercury. 

show  that  the  whole  has    been   well  M.  Haugergues*  first  called  attention 

heated,  and  air  and  moisture  expelled  to  the  fact,  that  when  old  thermometera 

from  it.  are  placed  in  melting  ice,  they  seldom 

Should  there  be  the  least  moisture  in  &11  quite  so  low  as  the  mark  of  freezing 

the  tube  before  this  part  of  the  opera-  on  their  stems,  especially  when  the 

tion,  it  is  very  likely  to  burst  the  bulb ;  whole  air  has  been  expelled  from  them. 

and  the  same  accident  is  likely  to  hap-  "Hiis  difi'eience   he  found  to  amount 

Kn,  if  the  mercury  l>e  too  strongly  sometimes  to  0.9  of  a  d^^ee.     The 

iled  the  first  or  second  time.  same  fact  has  been  confirmed  by  MM. 

An  experienced  eye  will  readily  judge  De  ta  Rive  and  F.  MaTcet,i-  and  also  by 

what  range  of  scale  the  thermometer  BeJlaniJ  and  Arago. }    The  writer  of 

will  have ;  but  this  point  can  easily  be  this  article  possesses  three  thermome- 

ascertajned,  before  the  tube  is  closed,  ters ;  one  very  delicate,  made  by  Rams- 

by  heating  the  bulb  in  the  mouth,  and  den,  and  two  well  made  instruments  hy 

then    immersing  it   in  cold  water  or  Lovi  of  Edinburgh,  all  which  have  been 

melting  ice.    When  the  latter  is  used,  in  his  possession  upwards  of  a  quarter 

the  operator  can  at  pleasure  fix  how  of  a  century.     On  lately  placing  them 

far  from  the  bulb  he  will  have  the  in  a  vessel  filled  with  pounded  ice,  in  a 

freezing  poirt;  for,  by  keeping  the  tube  warm  u>artment,    they  all  showed  a 

more  or  less  Ailed,  he  can  adjust  that  slight  efevation  of  fhe  freezing  point, 

point  to  any  desired  height.  That  made  by  Ramsden  has  a  capillary 

5.  The  tube  is  now  to  be  hermetiadly  tube    and    small    spherical  t)all ;    the 

tealed,  that  is,  closed  by  the  fusion  of  other  two  have  small  wriform  bulbs, 

the  gUss  at  tl^  upper  extremity,  which  and  the  mercury  readily  falls  to  the  ex- 

for  this  purpose  is  previously  drawn  to  tremity  of  the  tube  on  inverting  them : 

a  capilluy  orifice.    When  it  is  intended  yet  Ramsden's  stood  about  0.6  of  a 

to  free  the  tube  entirely  from  air,  which  degree  above  the  freezing  point,  andtht 

is  the  best  method  with  mercurial  ther-  other  were  just  peroeptituy  above  iL 

mometers,  heat  is  again  to   be  gently ■ 

applied  to  the  bulb,  which  at  the  same  •BibUsiMi|ii*{J«HrHUe.taB.u  IM. 

moment  is  to  be  softened  by  another  io^'™l'?r'      im. 

flame,  and  closed  in  the  usual  way,  as  {  j^ViiJciSSii.Bm.'raL              i 
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M.  Tlaogergne*  attribute*  tfaia  change  chiefly  retained  in  thennometen  and 

to  the  effect  of  long  continued  atmo-  barometen  by  the  xlass,  not  hy  the 

spheric  pressure  on  the  bulbs  of  ther-  mercury.    He  introc^ccd  a  portion  of 

mometov,  in  which  there  is  no  air  to  unboil^  mocuiy  into  a  bulb,  contain- 

Gounteract  IL    De  la  Rive  and  Maroet  ing  mereuiy  which  hod  ceased  to  give 

give  the  tame  explanatian,  and  remuk  out  any  air,  and  found  that  thia  intro- 

how  this  circumstance  must  afibct  the  duction  did  not  renew  the  a^tationa 

result  of  all  experiments  on  the  cold  which  the  first  applicatkni  of  heat  to 

produced  m  vacuo,  the  bulb  had  oceaaioned. 

Arago  is  not  intjined  to  attribute  this  The  difficulty  of  freeins  themometen 

elevation  of  the  zero  to  atmospherio  from  air  is  admitted  bv  Arago,  while  he 

pressure  on  the  butb ;  since  he  found  it  recommends  boiling  tlie  mercury  in  the 

equally   afibcting    thermometers    with  bulb  as  the  best  method  of  effecting  the 

very  thick  and  very  thin  bulbs,    Hein-  expulsion  of  the  ^;  and  he  quotes 

dines  to  ascribe  it  to  the  disengagement  some  unpublished  experiments  of  Du- 

of  air,  which  either  adhered  to  the  glass  lon^,  to  show  the  tedious  manqiulalions 

or  the  mercuty,  and  its  accumulation  in  which  are  necessaiy  for  this  purpose. 

the  upper  part  of  the  bulb,  so  as  to  We  would  recommend  the  boiling  to 

affect  the  column  in  the  stem.  be  performed  in  the  manner  stated,  un- 

The  most  complete  observations  on  til  the  agitation  of  the  fluid  caused  by 

this  point  are  those  of  Bellani,*  who  the  air  ceases ;  and  after  the  tube  is 

acknowledges  two  sources  of  variation  closed,   the    observations    of    Bellani 

in  the  zero  of  thermometers.    That  ele-  would  inoline  us  to  recommend,    for 

vationof  theiero.first  noticedby  Flau-  delicate  instruments,  that  the  attempt 

gergues,  according  to    him,  goes   on  to  fix  the  freezing  point  should  be  de- 

gradually  increasmg  for  a  limited  pe-  furred,  until  the  glass  might  be  supposed 

nod,  but  ceases  after  a  year  or  two.  He  to  have  contracted  to  iU  state  of  equi  - 

ascribes  it  to  the  extreme  slowness  with  librium ;  after  which,  there  would  pn>- 

which  glass  once  softened  has  the  equi-  bably  be  little  change  in  the  dimensioDs 

librium  among    its  particles  restored,  oftnebulb. 

He  found,  that  some  months  after  gra-  6.  We  come  now  to  the  last  and  most 

duBtion,  a  thermometer  did  not  sink  delicate  step  of  the  [»«ce)3,  the  adapta- 

quite  to  the  freezing  point  when  im-  tion  of  the  scale  to  the  instrument, 

mersed  in  melting  ice ;  if  laid  by  for  In  the  mamt/aeiure  of  thermometers 

some  months,  and  again  tried,  its  lero  this  b  conveniently  done  by  plunging 

will  be  still  higher;  but  after  some  time  the  new  insfnunent.  along  with  asiand- 

this  irregularity  ceases.    He  found  that  ard  thermometer,  into  two  liquids  at 

this  effect  was  not  diminished  bv  leav-  different  temperatures :  but  the  gradua- 

ing  the  thermometet'  open  at  the  top,  tion  of  Ihu  ttandard  in»irumenl  is  a 

and  it  was  sensible  even  in  spirit  ther'  work   of  such  nicety  and  importance, 

mometen.  that  a  committee  of  seven  members  of 

The   other   irregularis  noticed    by  the  Royal  Society  was  formed  to  in- 

Bellani   is    detected  in  the  fbllowing  vestigate  the  subject,  and  their  elabo- 

manner.— I>et  a  thermometer,  havii^  rate  report  is  given  in  vol,  Ixvii.  part  ii., 

such  a  range  that  ^'g  of  a  degree  is  where  all  the  requisite  circumstanceK 

appreciable,  after  lying  tiy  for    some  are  distinctly  noticed,  and  the  best  raa- 

months,  be  plunged  into  melting  ice,  and  nipulations  minutely  described, 

its  hdght  accurately  noted,  then  into  Two  fixed  points  are  sought ;  and  the 

boiling  water,  and  again  into  ice,  it  will  freesing  and  ooiling  points  of  water  are 

now  stand  loa>er  by  about  ^  of  a  de-  most  convenient  for  that  purpose.    To 

Cthan  at  its  first  immersion  in  the  find  the  first,  nothing  more  is  necessary 

!^ng  ice.    This  effect  he  ascribes  than  to  place  the  thermometer  to  be  gra- 

lo'the  extreme  slowness  with  which  the  duated.  after  it  is  filled,  in  meltine  snow 

expanded  glass  can  regun  its  former  or  ice,  in  such  quantity  around  tne  bail 

state  of  contraction,  compared  to  the  and  tube,  as  to  bring  it  to  the  desired 

niercuiy.  temperature.     When  the  mercuiy  has 

These  deductions  appear  (o  be  per-  become  stationary  in  the  tube,  a  mark 

fectjy  just ;  and  we  are  further  indebted  is  to  be  made  on  the  tube  with  a  file, 

to  Bellani  for  an  ingenious  method  ot  just  opposite  to  the  top  of  the  mercurial 

showily  that  the  air,  if  not  wholly,  is  column ;  and  that  mark  fixes  the  freei- 

'  ing  point  of  the  scale  of  the  instrument. 

•B(iUiu,aio>ub4iruia,igB.T.  The  detemuoalioa  of  the  boiling  point 
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is  much  more  difficult,  because  it  i>  round  the  tuhe,  neuly  w  high  ai  the 
effected  by  atmospherical  preiiura,  and  mipposed  boiling  point,  which  mtf  bt 
eren  by  the  form  of  the  veiiel  in  which  Ki)c*ied  at  b^  pmioui  immerauHi  of 
the  nater  ii  hsateiL  tiie  bulb  in  boding  water  i  hold  the  tba- 
The  Committee  of  the  Rojral  Bodetr*  biometer  in  ui  aw^nding  cunent  of 
recommend  that  the  boding  pomt  boiling  rain  water  about  two  or  tbrw 
ought  to  be  fixed  undv  a  barome-  inchei  below  the  amikce ;  pour  boiUi^ 
trical  preisurs  of  39.80  inchea.  For  waterthrea  urfbttrtimeionthe  covenng 
the  graduation  of  the  thetmoroeter  they  of  the  tube,  atintervaltof  soraeaeeoiMU; 
recommend  that  the  bulb  should  not  be  and  waiting  a  few  McundB,  after  the  last 
immeteed  in  the  water;  beoauM  th^  affusion,  to  aliow  the  water  to  be  in 
&und,  that  according  to  tlie  d^th  ot  brldt  ^uUition,  mirk  the  h«ght  of  tlie 
this  inunersion  the  meraury  rose  to  a  mercury  in  tba  tutie,  which  wUI  be  tha 
greater  height  in  the  tuba.  Thay  n-  boiling  point  of  the  ioBtnimmt 
commend  a  vessel  of  tin  plate,  pro-  Having  tiius  olitained  two  fixed 
Tided  with  a  cover  which  fit*  easily  on;  points,  tlw  freesing  and  bailing  pointa 
and  rendered  steam-ti^t  by  a  ring  of  of  water,  it  ii  easy  to  marie  off  corre* 
woollen  cloth  between  It  and  the  vesseL  iponding  divimons  on  the  scate  whicti 
This  cover  has  two  apertures — a  chim-  ia  to  be  graduated.  If  tlie  tube  be  tndy 
ney,  with  an  area  not  less  than  half  a  cflindriral,  nothing  more  is  necessary 
square  inch,  and  two  or  three  inches  than  to  divide  the  intervening  space  into 
high,  to  carry  off  the  steam  of  the  boil-  as  many  equal  parts  as  it  is  intended  to 
ing  water;  and  a  hole  for  a  cork,  have  iWreea  oetween  those  points. 
through  which  the  thennoraeter  tube  Should  the  tube  not  be  of  uniform  twre, 
is  inserted  in  such  a.  manner,  that  the  the  siie  of  the  divisions  ought  to  he  ac- 
ball  does  not  touch  the  surface  of  the  commodated  to  the  inequalities  of  th« 
water,  but  may  be  surrounded  \rith  na  tube,  "nds  may  be  done  by  taking  in- 
atmosphere  of  steam  ;  while  no  more  of  tmnediale  points  in  miztores  of  water 
the  tube  should  be  atiove  the  cork  thw  at  difibrent  temperaturu ;  and  after 
is  sufficient  to  show  the  height  to  which  marking  them  on  the  tube,  proncnlion- 
the  mercury  rises  when  ute  water  is  ing  the  siit  of  the  degrees,  at  snort  in- 
briskly  bojfing.  When  all  things  are  tarrals,  to  the  varying  diameter  of  the 
thus  adjusted,  a  thin  plate  of  metal  is  tv  tube.  This  method  of  graduating  from 
be  laid  over  the  chimney,  to  prevent  the  intermediate  pobts  ought,  in  nice  in- 
escape  of  the  steam  as  it  Is  formed ;  heat  strutuents,  to  at  adopted,  however  true 
is  to  t>e  applied  to  the  bottom  of  the  the  tube  may  linear ;  but  a  tube  with 
vessel ;  and  when  the  mercury  has  re-  sensible  inequahoes  u  in  gene«l  to  be 
meined  a  few  minutes  stationary  in  the  avoided. 

atmosphere   of  steam,    its    height    la  Although  it  would  be  advisable  to  fix 

carefiuly  to  be  marked  with  a  file  ou  the  boiling  point  when  the  barometer 

the  tube.  is  at  the  lieight  above  recommended. 

The  water  may  lie  distilled,  or  any  soft  this  may  be  attended  with  serious  in- 

vfater,  such  as  clear  rain  water,  be  used ;  convenience  to  artists ;  and  philosophers 

for,  if  tJiere  be  much  saline  ingredient  have  therefore  investigated  the  correc- 

in  the  wato',  this  will  afiect  the  boiling  tion  to  be  msde  for  every  ordinary  varia- 

point,  and  may  lead  to  error.  tion  of  alffiospheric  pressure. 

Various  mechanical  contrivances  have  The  first  considerable  series  of  ex> 

been  proposed  for  more  conveniently  perimeots  on  this  subject  are  those  of 

fixing  the  tube  in  the  cover,  but  th^  are  De  Luc,  in  1769,  published  in  his  in- 

of  little  comparative  importance.  Some  teresting  JIecA«rr!Ae*  mr  Ui  Modi/ku- 

prefer  plunging  the  ball  into  the  water  tioiu   de  tAtmotpken,'    which    vren 

to  the  depth  of  two  or  three  inches :  in  extended  and  verified  ■  by  Sir  Geoi^ 

this  case  there  is  no  necessity  for  a  plato  Shuckbui^f  in  177S  and  1778.     Em- 

of  melal  on  the  chimn^,  nor  for  the  ploying  Reaumur's  scale,  De  Luc  as- 

tightness  of  the  cover ;  but  the  adjust-  certained,    that    if   y    represent    the 

ment  of  the  boiling  point  is  to  l>e  made  height  of  the  bsrometer,  T  the  lieight  of 

for  the  barometer  at  39.B0  inches.    To  the   thermometer    above  the    freeiing 

those   unprovided  with  such  a  vessel  point,    expressed  in  hundredths   of  a 

the  IbllowinK  method  is  recommended,  decree  of  this  scale,  when  imniened  in 

Wn^  severu  folds  of  linen,  or  flannel,  boilingwaterjandatheconstantnumber 

"""" "•"•  Vol.  L  S81  ;  *i>L  U.  338. 

•PUl.Xnui».TAlnil.rullL  f  P^  !''>«■  vnL  Ixia.  pvlU. 

■■,,,;■  Goodie 
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143S7,  the  foUowiog  fbrmula  will  ex- 
press the  hei^t  of  such  thermometer 
when  ^uneea  in  boiling  water  under 
erei;  TBiiAtion  of  barometric  pressure. 

or,  as  expressed  tn  the  more  uiail  tivj 
ofeoiuiderinK  atl  theflgures  ^ter  the 
index  as  decimali,  De  Ltu'i  Camuilk 
would  stand  thus : 

De  Lne's  mearehei  and  his  formula 
■re  reduced  to  Engiiah  measures,  and 
adapted  to  Fahrenheit's  thermometer  by 
Horsley,  in  a  valuable  paper  in  the 
Philoropfiical  Trantaetioru  ;*  where  a 
table  is  computed  for  the  direction  of 
artists  in  adjusting  Oie  boiling  pcnnL  It 
u  unnecessary  to  give  tui  equation  of 
the  boiHng  p^nt,  because  the  later  ex- 

grimmt*  of  Shncbburg.  and  of  the 
ommittee  of  the  Royal  Society,  enisle 
nstojn-eient  a  more  complete  table  fbr 
the  direction  of  British  arliets  in  cor> 
recting  the  height  of  the  boillnspwnt  in 
every  ordinary  fluctuation  of  uie  baro- 


of  the  tube  be  c 

correction   will    scarcely  produce  any 

sensible  error  in  the  instrument. 

In   proportioning    the   bulb  to  the 
tube,  the  eye  andexperienceofthe  artist 
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The  nse  of  thii  table  requbn  no  fiir< 
thar  expluutim :  but  It  ii  neoeuuy  to 
remark,  that  it  presupposes  the  thermo- 
meMc  tube  to  be  cylindrical,  or  of  equal 

■  TgL)llf.rutL 


poee;  or  they  are  copied  as  nearly  i_ 

Sasible  from  standard  instruments. 
.  Durand  has,  however,  thought  it 
necessary  to  propose  an  algebraic  for- 
mula for  detramining  the  proportions 
they  ought  to  bear  to  each  other ;  but 
there  are  practicBl  difficulties  in  the  way 
of  its  applicaticn,  which  render  his  for- 
mula Ml  exercise  rather  of  his  own 
Tiuity  than  of  utili^  to  the  artist 
uriog  the  various  improvements  of 
the  oommon  thermometer,  the  air  ther- 
mometer was  almost  wholly  n^lected 
until  of  late  jrars :  but  the  attention  of 
philosophers  was  directed  to  the  changes 
of  bulk  which  vAidt  undergo  by  altera- 
tions of  temperature,  as  a.  measure  of  the 
relative  de^^ees  of  heat. 

Chaptir  II. 


1.  Thi  impracticabilily  of  applying 
the  known  modifieattons  of  the  uienno- 
meterto  bodies  much  heated,  induced 
the  celebrated  Muaschenbroek,  before 
the  middle  of  the  last  centmy,  to  employ 
the  expansions  of  solid  rods  of  metal  to 
indicate  the  temperature  of  such  bodies ; 
and  he  gave  the  name  of  pgromtter  to 
his  invention. 

As  the  expansions  of  solids  are  ex- 
tremely minute,  it  was  neceesaty  to 
devise  some  meUiod  of  rendering  them 
perceptible  ;  and  the  mechanism  repre- 
sented 'mflg.  S  was  the  Dutch  philoso- 
pher's arrangement  for  this  purpose. 
a  is  a  metallic  prism  S  .8  inches  in  length 
and  0.3  in  thiclmess,  resting  in  a  notch 
in  the  upright  i,  wh^  it  is  secured  by  a 
screw,  and  heated  by  the  lamp  6  with 
five  wicks.  The  prism  is  pinned  to  the 
end  of  a  bar  e,  which  has  twenty-five 
teeth  In  one  inch  of  its  length,  and  forms 
a  rack  sUding  smoothly  on  the  table  of 
the  instrument  throu^  the  two  holdfasts 
seen  in  the  fi^^'ire,  and  playing  in  the 
six-leaved  pimon  tf  on  the  same  axis  as 
the  wheel  /,  which  is  furnished  with 
six^  teeth.  Tliis  wheel  plays  in  another 
pimon  0,  of  six  leaves  also,  which  is  on 
the  aus  conTing  the  index  g,  which 


iiized  by  Google 
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moves  round  the  circle  A,  divided  into 
300*.  The  consequence  of  this  arrange- 
ment is,  that  if  the  expansion  of  ^e 
metal  were  to  push  the  rack  e  one  inch 
forward,  it  would  turn  the  pinion  dA^ 
times  round;  and  the  wheel/,  movinij' 
at  the  same  rate,  will  carry  the  pinion  «, 
and  consequently  the  index  (ID  x  41} 
=  41'j  round.  Hence  the  index  would 
have  moved  over(41i  x  300),  or  12,500 
divisions  of  the  sc^e ;  or  each  degree 
of  the  instrument  is  equivalent  to  ittn 
of  an  inch  of  theeipansion  of  the  prism 
a.  Similar  prisms  of  different  metals 
applied  in  like  manner  to  tlie  instru- 
ment,enabled  Musschenbroek  to  measure 
the  different  expansibility  of  steel,  iron, 
copper,  tirass,  and  lead,  with  considera- 
ble  accuracy  :*  but  there  is  alnays  some 
uncertainty  in  the  movements  of  so 
many  loosely  connected  teetli  and  pini- 
ons ;  and  this  pyrometfr  was  improved 
by 

2.  Desaguliers,t  who  instead  of  prisms 
substitute  cylindCTs,  as  wires  are 
more  easily  procured  than  prisms  of 


equal  dimensions.  For  the  first  pinion 
he  employed  sice)  sli^tly  roii^tened 
by  the  file  in  the  same  diKclion  as  the 
teeth.  Thus  a  more  equable  motion 
was  given  to  the  instrument  The 
toothed  wheel  and  second  pinion  were 
supplied  by  a  wheel  and  roller,  having 
grooves  in  their  circumference  for  re- 
ceiving a  watch-chain,  by  which  motion 
was  communicated  to  the  index.  The 
dial  plate  was  square  and  movable,  in 
order  to  stretch  the  watch-chain  as 
there  might  be  occasion.  A  thin  plate 
of  rough  steel  -f^  inch  wide,  slightly 
convex  towards  the  first  roller,  was 
substituted  for  the  rack  ;  and  this  last, 
which  in  Musschenbroek's  pyrometer 
was  made  to  travel  lightly  over  a  small 
bit  of  fine  watch-spring,  moved  in 
Desaguliers  over  a  well  constructed  &ic' 
tion  wheel,  or  roller. 

These  changes  improved  the  delicacy 
of  the  instrument  very  considerably  ; 
but  it  soon  underwent  other  modifica- 

3,  The  pyrometer  of  Mr.  John  EUicot, 


of  London,  is   seen  in  Jig.  9,  a  a  is  R  mahcvany  sole,  to  which  the  three  brass 

flat  plate  of  ttrass  screwed  to  a  thick  uprights  obb  ore  firmly  attached. 
•  T«iium  Acta  del  Cimcnio  T^e  pyrott-elric  pieces  consist  of  two 

t  Du>(u]>Ec'iEii»riainiui  FhiiotDfiiij.i, 491.  metallic  bars:   the  flat  one  cc  is  of 
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>teel,  and  is  that  by  which  the  exptu-  tained  the  fbUowing  to  be  the  relatJTe 

aions  of  all  the  other  metals  are  to  be  expansions  of  aeren  metals : — 

compared  together.    Its  extremily  to  3^.1.  inn.  OoW.  Copper.  Bn-.  Sii«r.  l™4. 
the  right  passes  through  a  hole  in  the      56    60    73      89       95     103     149  * 

Wimt  .  TO-i  on  th.  .5,  of  sSLb  "■.*?■■« "J  olhn  of  Ih.o:  phyioal 

/.    "Hie  olher  bar  »  fl  is  tt  priam  of  any  ^^^t    .I'   ...i      i  ,.1,     m-. 

iaal.  Ih.  right  end  of  wfioh  rart.  on        'J-.X""' "'''™  °'  ""  ™»- 

the  eiid  of  Se  screw  ;,  while  it.  other  S'^'"'  '>™«"««™  ■■  ■  description 

bear,  on  a  .nail  on  the  axi.  of  the  Ice.  S„S™     ^.Tf?  ^^'-  °'°""" 

*,    me«thebar..reeip.ndedbythc  Mortimer,  whch,  thon*   e..  aocimle 

heat  of  the  .pirit  lamp  'f.  they  io».  'flT^ '■''??  Ell.col ,,  .s  worth, 

the  lev™,  to  fach  of  wUh  i.  Sached  l^S™,' "K"A"  'lSS,:^'.ri 


a  slender  watch-chain :  the  chain  from 
the  lever  /  passes  round  a  pulley  ^ 
inch  in  diameter,  fixed  on  tne  axis 
round  which  the  inner  graduated  circle 
t  of  the  lUal  moves ;  the  chain  from  the 
lever  h  passes  round  a  similar  pulley 
on  the  axis  of  the  index,  as  seen  m  the 
figure  ;  and  the  expansions  of  this  bar 
are  marked  by  the  index  on  the  fixed 
outer  circle-  Both  pulleys  have  a 
thread  wrapped  round  them  in  a  con- 
traiy  direction  on  each,  and  then  pass- 
ing over  the  pulleys  at  o  to  the  wei^t 
A,  which  acts  as  a  counterbalance  to 
bring  back  the  index  and  movable 
circle  aa  the  ban  cooL  The  index  and 
circle  are  both  adjusted  to  the  l>e- 
ginning  of  their  scales  by  means  of  the 
screws  I,  m,  at  the  commencement  of 
each  experiment;  and  when  the  lem- 

Krature  applied  expands  the  standard 
r  to  a  ^ven  degree,  as  indicated  on 
the  inner  circle,  the  index  will  show  on 
the  outer  circle  the  relative  emansi- 
bility  of  whatevo'  metal  is  appued  to 
the  instrument  at  e  e.* 

This  instrument  was  chiefly  intended 
by  its  inKenious  inventor,  a  chrono- 
meter-maKer  by  profession,  for  ascer- 
taining the  relative  expansion  of  the 
metals  usually,  employed  in  the  con- 
struction of  pendulums ;  an  important 
object,  for  which  many  of  the  t)est  py- 
rometers have  been  devised. 

In  this  instrument  the  dial  is  about 
three  inches  in  diameter ;  the  levers 
two  inches  and  a  half  in  length,  and 
the  proportions  of  the  several  parts 
such  that  the  expansion  of  Vi  inch  in 
the  bar  will  move  the  index  wholly 
round  the  drcle ;  or  each  degree  will 
mark  the  ,^,  of  an  inch  in  the  length- 
ening of  the  bar.  From  the  mean  of 
I  experiments,  EUicot  ascer- 


■  Tki)  dneript»B  if  takes  fn 
nMM  BOW  lMA>ia  tba  uttot. 


ployed    to    show  the    aJteniions 
atmospheric  temperature. 
o,  byfig.  10,  is  a  round  rod  of  brass 


or  steel,  \  inch  in  diameter  and  throe 
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feet  long,  its  umwr  extremity  tenni- 
nating  in  a  hBrdened  ateel  point  one 
inch  more  in  length,  and  entering  a 
hole  in  a  steel  plate  on  the  uMot 
ude  of  the  kver  e,  while  its  lower 
end  rests  on  a  point  attached  to  the 
metallic  plate  at  Jl  c,dut  plates  of 
iron  joined  at  d,  and  at  different  other 
points,  as  in  the  figure  -.  at  x,  x  they 
are  turned  half  round,  to  allow  the 
application  of  heated  bodies,  as  sand 
or  water,  to  the  bar,  which  is  immersed 
in  the  heated  bodies  to  a  certain  mark 
as  at  b.  In  the  original  instrument 
this  mark  was  at  11  inch  from  the 
bottom  :  e,  /  is  a  lever  moving  round 
an  axis  in  g.  A  string  from  the  end  of 
its  longest  arm  posses  twice  round  the 
pulley  A,  and  is  kept  tight  bv  a  weight 
t  of  lib.,  while  there  is  anotner  weight 
/,  at  the  short  aim  of  the  lever,  suffi- 
cient to  counterbalance  the  weight  of 
the  longer  arm,  and  to  keep  the  point  a 
in  close  contact  with  the  lever,  m,  n,  o, 
a  dial,  of  which  the  face  is  teen  at  B, 
^aduated  to  correspond  to  Fahren- 
heit's and  Heaunur's  degrees,  which 
are  indicated  by  an  index  fixed  on  the 
axis  of  the  pulley  A.  The  frame  of  the 
instrument  is  of  oak.  The  lever  from 
pta  a  =  i  inches  ;  &om  a  to  ^  —  1.9 
mch;  from  g  to /=  12  inches;  the 
pulley  ~  0.5  inch ;  the  dial  =11  inches 
m  diameter.  In  the  original  the  melt- 
ing point  of  different  substances  is  in- 
dicated by  their  chemical  signs  in  the 
outer  circle  of  the  dial. 

This  instrument  appears  to  have  been 
of  considerable  delicacy,  and  to  have 
marked  minute  changes  of  atmospheric 
temperature  very  readily:  hut  the  size 
is  inconvenient ;  and  it  must  now  be 
regarded  rather  as  an  instrument  of 
curiosity  than  utihty. 

S.  The  pyrometer,  figured  11,  the 
invention  of  Mr.  Froleringham,  a  Lin- 
coln grazier,  combines  simplicitv  with 
considerable  delicacy.  It  was  also  in- 
tended to  indicate  u\e  changes  of  at- 
mospheric temperature,  a,  a  is  a  bar 
of  iron  fom-  feet  long  and  1  i  inch  wide, 
having  a  polished  brass  surface  screwed 
to  it  with  steel  screws,  which  are  fitted 
to  short  shps  in  the  brass  that  allow  the 
expansion  of  the  iron  bar,  without  that 
of  the  brass  ornamental  surface,  to 
affect  the  hardened  steel  apex  b.  This 
apex  moves  the  lever  c,  which  raises 
the  lever  d  i  both  turning  on  well  made 
central  disks.  A  chain  from  the  ex- 
tremity of  the  lever  d  is  lapped  twice 
round  the  pullt?/  on  the  aui  of  the 


index,  which  movei  round  «  graduated 
cirde  g.  The  counterpoise  i  brini;s 
back  the  index  as  the  levers  fall.  Tlie 
screw  h  is  tor  tJinisting  the  index  to 
the  beginning  of  the  scale.  It  is  very 
obvious  that  such  an  instrument  would 
be  capable  of  showing  the  expansions 
of  the  bar  in  proportion  to  the  differ- 
ence between  the  arms  of  the  levers  ; 
and,  it  is  said,  that  the  original  in- 
strument, in  the  library  of  a  philoso- 
phical society  at  Spalding,  indicated 
the  changes  of  the  heat  of  the  weather 
with  peat  precision.* 

6.  All  these  instruments,  however, 
yield  in  accuracy  to  the  invention  of  the 
celebrated  Smeaton,  which  is  described 
in  the  Philotophical  Traatactiortt  .f 

In  this  instrument  the  expansions  of 
the  metallic  bars,  heated  by  water,  are 
measured  by  means  of  a  micrometer 
screw ;  a  principle  which  had  been 
before  employed  by  the  great  chrono- 
meter-maker Graham,  for  the  adjust- 
ment of  the  rods  of  a  pendulum. 

lYom  the  principle  of  its  construc- 
tion, this  insfrument  is  called  the  Mi- 
crometer-Pyrometer, J^'.  12. 

The  basis  of  this  instrument  a,  b,  e,  d 
is  of  solid  brass,  which  was  chosen  as 
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of  a  mean  expanstbUity  among  the  me-  which  is  not  intended  to  exceed  that  of 

tals.     ef  is  the  bar  to  be  measured,  boiling- water. 

resting  on  two  notches,  one  attached  to  The  expansion  of  the  bar  presses  the 

the  fixed  upright  a  6,  and  the  other  to  lever  and  feeler  towards  the  end  of  the 

the   prinrajud  lever  At.     A  is  a  strong  micrometer  screw,  which,  aa  well  as  the 

art>or  fixea  to  the  basis,  and  intended  extremity  of  the  feeler,  is  tipt  with  ha»^ 

to  receive  the  ends  of  two  screws  A,  I,  dened  steel.    The  handle  q  is  laid  hold 

upon  which  the  principal    lever  A,  t  of,  and  \yj  it  the  feder  is  moved  up  and 

turns ;   a  is  a  slender  sted  spring  in-  down,  while  the  screw  is  turned,  until 

tended  to  press  the  lever  ag^nst  the  its  steel  point  comes  in  contact  with  the 

extremity  of  the  bar ;  and  p  is  a  check-  end  of  the  screw.    Mr.  Smeaton  found 

rod  to  support  the  lever,  when  the  bar  that  hecouldjudgeofthatcontact  more 

is  removed,   (is  called  the /eefn";  it  is  accurately  by  the  ear,  than  by  the  eye 

in  the  form  of  the  letter  T,  and  is  sus-  or  the  (oacA. 

pended  freely,  but  without  shake,  be-  The  turns  of  the  index-plate  counted 

tween  the  pomts  of  the  screws  m,  n.    q  by  its  edge  and  the  divisions  of  the 

ii  the  handle  of  the  feeler,  which  is  index,  show  the  expansion  of  the  bar; 

movable  on  a  loose  joint,  so  ihat  the  and  iti  length  when  coot  may  be  found 

feekr  ma;  be  moved  by  the  handle  in  the  same  manner,  either  before  or 

without  lieing  irregularly  affected  by  after  the  experiment  above  descritied. 

the  pressure  of  the  hand.    The  princi-  In  this  instrument  the  bar  acts  against 

pal  part   of  the   instrument  is  «,  the  the  cwtre  of  a  lever  of  the  second  i>nifr, 

micrometer  screw,  and  to  the  graduated  the  fulcrum  of  which  is  in  the  ba^is ; 

circle  or  index-plate  fixed  on  tiie  screw,  and  when  both  are  expanded,  the  fii* 

which  indicates  the  revolutions  of  the  extremity  of  tlie  lever  moves  throu^ 

•crew  on  the  index  p.    The  micrometer  a  space  double  of  thedifference  between 

•crew  passes  through  two  solid  heads  the  exnanaion  of  the  bar  and  of  the 

perforated  by  a  corresponding  screw ;  basis :  hence,  when  we  know  the  lengtli 

the  piece  y  lis  made  somewhat  springy,  of  the  lever  from  its  axis  to  the  point  ot 

and  tends  to  draw  the  micrometer  screw  suspension  of  the  feeler,  the  distance 

backward  from  d ;  by  which  its  threads  irom  that  axis  to  the  point  of  contact  of 

press  uniformly  against  the  correspond-  the  bar,  the  number  of  threads  of  the 

ing  threads  in  the  holes,  and  keep  the  micrometer  screw  in  an  inch,  and  Che 

motion  equable  and  easy,  number  of  degrees  on  the  circumference 

When  the  instrument  is  used,  its  of  the  index-plate,  we  can  compute  the 

basis  and  the  tiar  are  immersed  in  a  tin  value  of  these  degrees  in  Auctions  of  an 

vessel  containing  water,  as  marked  by  inch.     In  the  original  pyrometer  Uk 

the  dotted  hne,  which  is  heated  by  se-  following  were  the  proportions : 

ven  lamps  applied  below.    The  vessel  From  axis  of  lever  to  point  of  loekM. 

is  provided  with  a  cover;  and  a  deh-        suspension S.S7} 

c^e   mercurial    thermometer  is  aos-    fulcnun  to  point  of  contact  3.89S 

pended  in  the  water,  (or  regulating  and  Length  of  70  threadsoCthesciew  S465 
-' g the  tempenture employed,  Divisionof index-piste  100°. 
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the  index-pUte  win  =  ^ffy^  of  an 
inch ;  and  aa,  when  the  instrumeat  was 
well  adjusted,  the  difference  of  contact 
waa  vaj  penxptible  when  the  screw 
va«  movea  through  J  of  a  division,  the 
n^i  fth  of  an  inch  of  expanaiou  was  de> 
traniinabte  b;  this  pyrometer,  with  which 
Hr>  Smeaton  ascertained  the  expansi- 
biHtr  of  many  solids. 

Ine  followmg  table  is  the  result  of 
hit  experiments,  showing  in  I0,000dths 
of  an  inch  the  expansion  of  rods  of 
different  kinds  of  matter,  in  passing 
from  the  fl«eiing  to  the  boiling  point  of 
water. 

White  daaa  barometer  tube  .  .  100 
Martialregulus  of  antimony 


.  130 
.  138 


Hard  steel 147 

Iron ISI 

Bismuth    ....,-....  ie7 

Copper  hammered 204 

Allinr,  6  copper,  and  1  tin 
Castbrass 


.  229 
.  229 


Telescope  speculum  metal  ...  232 
Alloy,  2  brass,  I  line  .  .  .  .  247 
Rne  pewter 274 


Soft  solder,  2  lead,  I  tin  .    .    .    .3 
Alloy,  8  zinc,  I  tin,  slightly  ham- 


Zinc  hammered  out  1  inch  per  foot  373 

"niese   experiments    correspond    as 

nearly  with  the  results    obtained   by 

Ellicot,  as  the  difi^nce  of  the  instru- 


expaasion  of  solid  bodies ;  and  tie  still 
quoted  with  ap^bation  m  those  nice 
^squisitions  wnich  have  paved  the  way 
to  the  perfection  of  horology,  and  the 
modem  refinements  in  geodeiical  ope- 
rations, ^lile  they  hKV%  extended  our 
knowledge  of  the  effects  of  heat. 

7.  The  metalline  thermometer  of  Mr. 
Keane  Fitzgerald  comes  next  in  order 
of  time ;  but  it  is  chiefly  a|ip1ieable  to 
mark  the  alterations  of  atanospheric  tem- 
perature. Its  general  construction  will 
be  readily  learnt  from /^,  13.* 

Tbe  basis  of  the  instrument  is  a  piece 
of  well  seasoned  deal,  on  which  a  system 
of  levers  is  fixed ;  a  a  is  the  pyrometric 
bar,  a  feet  long,  the  upper  extremity  of 


•  PUL Tnu.  tbL  ■.[.ta. 


while  its  other  end  rests  on  a  small 
hemisphere  of  metal  od  the  short  arm  of 
the  lever  6.  The  long  arm  of  this  lever 
is  2i  times  as  long  as  the  other ;  6  is 
joined  b^  a  pivot  to  the  rod  c,  2  feet 

2  inches  in  length,  which  bears  against 
the  short  arm  of  d,  and  the  long  arm  of 
d  is  2}  times  as  long  aa  the  former. 
The  rod  «  is  2  feet  4  inches  long,  and 
is  jointed  to  /,  as  in  the  figure.  The 
long  arm  of/is  4  times  the  length  of 
it*  short  arm,  and  terminates  in  a 
■lender  arch-head,  which  is  attached  to 
the  lower  end  of  the  rod  £  by  a  watch- 
chain,  as  in  the  figure.    This  last  rod  is 

3  feet  long,  and  is  kept  perpendicular 
by  shding  between  two  ihchon  rollers 
p,v,  its  connection  with  the  arch-head,  its 
suspension  from  the  lever  y,  and  its 
friction  on  the  pulley  A.  The  weight  of 
the  levers,  8ec.  is  counterbalance!  tiy 
the  springs  m  and  o,  and  the  spring  of 
y  is  nearfy  neutralised  by  the  pressure 
of  X.  The  pulley  h  is  fixed  at  2  feet 
6  inches  from  the  lower  end  of  g,  and 
ii  3  inches  in  diameter.  Two  ccmls 
hxed  to  the  spring  q,  past  t?rice  roupd 
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Uiepullej'Amdifferentways.andtheiKe    with  much  deUcftcy;  for  it  had  a  TMire 
po  over  the  pullies  at  (,  respectiTely,  1  jb^  .j 

inch  and  i  inch  in  diameter.  171686  1811  *■ 

are  put  on  the  common  axes  of  the 
indii«s  k,  I,  in  the  aame  manner  ai  the 
hands  of  a  clock.  The  face  of  the  dial 
is  12  inches  in  diameter,  and  from  the 
construction,  the  index  I  ranges  4B 
times,  and  the  index  k  1 2  times  aa  much 
as  the  bar  ^.  The  dial  has  on  it  three 
circular  scales;  the  inner  is  divided  into 
240°,  corresponding  to  those  of  Fahren-  I 

heit's  thermometer ;  the  middle  is  di-  j 

vided  into  360° ;  and  the  outer  intu 
1080  parts,  marking  18  for  each  d^ree 
of  the  thermometer,  and  12  for  each 
degree  of  the  circle. 

This  instrument  may  be  used  mi  • 
pyrometer  in  low  temperatures ;  for  the 
bar  a  is  removable ;  and  from  the  con- 
stnicliori,  each  division  of  the  outer 
circle  is  equivalent  to  an  expansion  of 
iibith  of  the  bar. 

Used  in  this  way,  Mr.  Fitxgerald  in- 
forms us  that  the  diiatations  of  metallic 
bars  2  feet  long,  at  the  same  tempera- 
ture, were  as  follows : 

DiviaiDDL 

Spelter  or  line  .    ,    .    .    =  1570 

Zmc  18,  copper2  parta  .  .  =  1S50 

Brass =  1120 

Iron =    785 

Steel =    695 

which  agrees  prettjr  well  with  the  ex- 
periments of  Smeaton  and  EUicot. 

When  used  as  a  thermometer  the  in- 
dex h  marks  74  divisions  in  passing  from 

the  usual  extremes  of  temperafure  in      ._„.,.     ^      ,l i. 

our  climate,  and  212   diviiions  from  "tl?  T^f  ^?^  ^T^^i'^H^ 

freezing  to  boiling  water.  "^  J*^  '■"S,"!"'*  weather  m  London; 

Mr.  Fitigerald  experienced  some  andrtwonldshowanaJterationamount- 
diffioulty  in  proportionmg  the  strength  "«  ^  *"  O""!?  ^Wrees  of  lU  «ale^  when 
of  the  spring  to  the  weight  sustained  ^«  pyrometno  bar  of  the  instruBwnt 
by  the  feveri,  and  he  im^ved  the  in-  ™  7«^  "« times  breathed  upon.* 
a&ument  by  the  adoptionSt  puUeys  and  6.  In  Ferguaorf  s  Lecture*  two  pyr*- 
counterpoise  weights,  as  in  /fe.  14,  metm,  the  mventioii  of  Uiat  mat  self- 
which  he  ingeniously  converted  Into  a  *^^  mechamaan.  are  duoibed. 
register  thoiiomete?,  by  adapting  two  ,  %.is.waa  merely  intended  to^bit 
light  index  hands  a,  a,  fixed  to*  two  ^'J'T'^?**^^'?^ ''^'*°^" 
bwss  circles  moving  between  friction  W  heat,  yet  is  wortlw  of  notice, 
wheels,  attached  tS  a  iixed  cirde  A  .  If- » '°!li!!*^^V'?JI!*^*'  "" 
They  were  «,  nicely  fitted  as  to  move  «»«*  ^">*",  stuAi ;  of  tbwe  6  sup- 
readily  by  a  weight  of  8  grains  hung  on  V^r^  »  ««?'  ^^^>^f^  **^  ^9' 
them.'  these  iTands  arl  moved  iZon-  ^^  ^f'  "^l-  «?^  1"°'';^"l"' 
posite  directions,  by  a  smaU  stud  in  the  *«  "^^^  "^^^^  '^^'^P  °' ""^^f 
Snder  surface  of  the  index  /,  which  re-  P«"«s  agamst  the  crooked  lever  ^,whjoh 
ceives  its  moUon  from  a  cord  passing  «**  on  the  mdex  , , ;  the  jtuJe  holds 
from  the  pulley  A  round  a  smafi  wheS  *«  »PP>S  *•  "Ji'^*'  I'fK*  b«k  the  in- 
on  its  axis  dexwhen  the  bar  cools.    The  lever  ^ 

Thisalt'emtionofthebatnimentwas  <!"«  T^  ^'^^Jt^^J' 

intended  only  to  note  the  changes  of  the  between  the  point  of  contact  of  the 

atmosphere,  which  it  seems  to  have  done  •  pkU..Tnii*.Toi.iu.p.iML            i 
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htr,  and  where  it  touches  ths  index  20 
times  aa  long  as  the  space  between  the 
point  of  the  bar  and  ita  ftdcrum  ;  and 
the  space  between  the  end  of  the  lever 
«nd  the  free  end  of  the  index  is  just  20 
tiraea  the  length  of  that  between  the 
point  of  the  lever  and  the  aiis  of  the 
miiex;  hence,  when  the  bar  expands 
,)jth  of  an  inch,  the  point  of  the  indeic 
will  have  moved  over  (-20  x  20)  =  400 
times  as  much  space,  or  one  inch ;  or 
if  the  bar  expand  ,,S„th  of  an  inch,  the 
index  will  move  ,^th, 
~  '    'is  ^vided  into  inches  and 


tenths;   and  tbe  mere  friction  of  the 

bar  /,  whic^  is  removable  at  pleasure, 
with  a  piece  of  flannel  till  it  becomes 
sensibly  warm,  will  be  sufficient  to  show 
variationt  of  the  index.  Ferguson  states 
that  it  gave  the  following  results; — 
with  bars  of  iron  and  steel,  3 ;  copper, 
H  ;  brass,  S  ;  tin,  6  ;  lead,  7. 

9.  In  the  supplement  to  his  lectures 
there  b  however  a  much  more  delicate 
pyrometer  described,  (ftg.  16,)  which 
will  show  the  expansion  of  a  bar  of  me- 
tal to  the  „in;ith  of  an  inch,  or  even  to 
the  90,aODth. 


The  frame  a  6  is  o 

ported  on  short  pillar»,  ~  ™.. —• -- — -----.-;;--,     t  , 

lamp  under  it  lor  heiLtioK  the  bar/;  one  diagram  A,  where  ft  is  the  short  le'. 

end  of  which  lies  in  a  cavity  in  the  piece  that  moves   under  the   dial  d  between 

of  metal  r,  and  the  other,  after  passing  friction  wheels.     On  the  side  of  «  are 

on  a  fricGon  wheel  over  the  cross-bar  15  teeth  in  the  apace  of  one  inch,  which 

A  A,  presses  against  the  short  lever  e  e.  pUy  in  the  twelve  leaves  of  the  pmion 
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I  on  the  axis  of  the  nhed  m  m.  "Baa  by  the  inf^eniouii  and  indefatigable  Da 
wheel  has  roimd  ita  circumference  100  Luc,  whose  retearchei  on  the  barometer 
teeth,  whkih  work  in  the  ten  leaves  of  gave  this  subject  ui  increased  interest 
the  pinion  n,  en  the  axil  of  the  wheel  o  10  his  mind.  The  object  in  view  was  to 
of  IDS  taaUi,  thftt  gives  motion  to  the  determine  the  reialive  expansion  of  ao- 
pinion  p  of  tea  leares,  on  the  uia  of  lids  bv  observation  with  a  microscope 
trtiidi  &e  index  is  fixed.  fiimianed    with    a  microm^er.      The 

As  the  wheel*  m  and  a  have  each  microfcopic  pyrometer  of  Da  Luc  is 
lOD  teeth,  and  the  pinions  n  and  p  ten  seen  in  fig.  17.  vhen  a  b  rqseieots  a 
leaTCi,  ii  is  obvious  that  when  the  wheel 
iR  has  made  one  revolution  the  pinion 
p,  and  of  conTve  the  index,  will  have 
made  lOQ  revolutions;  ai  the  pinion^ 
has  twelve  leaves,  and  ttie  bar  i  k  has 
fifteen  teeth  to  one  inch  (equivalent  to 
I3i)it  is  obvious  that  whifeiAmoves 
one  inch  the  [Mnion  p  will  have  moved 
lOO+ior  135  times  round,  uid  the  in- 
dex would  at  the  same  time  be  carried 
125  times  round  the  circle  dd.  This 
cii«le  is  graduated  into  SSOd^rees,  and 
bang  deven  inches  in  diameter,  it  is 
subdivided  into  half  degrees.  Henoe 
each  degree  of  that  circle  will  be  equi- 
valent to  an  expansion  of  135  x  360 
=  niggUi  °f  '^  inch  of  expansion  in 
the  Mr/,-  and  as  the  half  degr^  can 
readily  be  distiDguiabed  on  the  dial,  the 
instrument  will  show  expansions  only 
amonntuig  lo  ninth  pert  of  an  inch. 
A  silk  thread  is  several  times  wound 
round  the  axis  of  n  and  passes  to  the 
slender  spring  t,  wtiich  keeps  the  teeth 
of  the  pinions  and  wheels  in  close  con- 
tact,  and  pulls  back  the  train  of  wheels 
when  the  cooling  of  the  bar  /  allows 
the  rfiort  bar  t  A  to  recede.  atrong  board  of  even-grained  deal ;  to 

The  inner  circle  of  the  dial  is  divided  which  the  fniae  c  <i  c  e  is  firmly  joined, 
into  eii^t  paris,  conecponding  to  so  that  when  a  6  is  suspended  vertically 
many  thousandths  of  an  inch  in  tiie  ex-  from  a  strong  post,  the  front  of  the  in- 
pansion  of  the  bar/  or  y^th  of  an  inch  strument  Iwaring  the  microscope  dd  ia 
for  each  degree  of  the  ouier  circle  over  towards  the  operator. 
which  the  index  has  moved.  Bug  of  Tlie  microscope  is  securely  united  to 
different  metals  laid  in  g-  for  a  given  the  frame  by  the  braces  e  »  and  the 
time,  and  exposed  to  the  same  lamp,  cross-bar/,-  and  the  whole  of  this  part 
afford  an  indication  of  their  relative  ex-  of  the  ^paratus  can  be  moved  up  or 
pansitnlity:  and  to  ensure  equaUta  in  down  by  the  slides  ^  ;,  which  fit  so 
the  bars  it  is  recommended  to  have  tightly  on  their  centres  as  to  require 
them  wire  draum  through  the  same  slight  blows  with  a  hammer  on  the 
hole.  There  is,  however,  m  this  instru-  frame  to  cause  them  to  move  down, 
ment  no  accurate  measure  of  the  tem-  and  may  be  further  tightened  by  the 
perature  applied  to  each  bar;  and,  not-  screws  iit.  The  microscope  is  kept 
withstanding  the  delicacy  of  the  move-  horiiontal  by  the  crois-jueces,  and  by  an 
ment,  it  seems  inferior  to  ElUcot's  inner  sliding  frame  not  seen  m  the 
pyrometer,  as  it  wants  a  constant  and  figure.  The  microscope  is  10  adjusted 
uniform  standard  l>y  which  to  compare  that  an  object  b  distinctly  seen  when  a 
the  expansions  in  each  separate  experi-  full  inch  from  its  lens ;  and  it  is  furnished 
ment  with  a  micrometcT,  movable  by  A,  for 

1 0.  A  new  meUiod  of  ascertaining  the  ascertaining  the  expansions  of  the  rods 
expansibility  of  different  substances  was  subjected  to  experiment.  A  piece  of 
suggested  by  the  late  Mr.  Jesae  Rams-  thtdi  deal  t  is  seen  at  the  ti^  of  the 
d«i,  and  on  hii  hint  it  wu  attagq^tod    fraiM  IviiV  Iiohivnt&Uy  from  ft  grootre 
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cut  in  the  board  a  fi  to  the  front  of  the  tive  expuiaom  of  soUda,  the  mien- 

frame;  this  is  movable  by  means  of  teopic pyrometer  of  Bantsden, caatnvei 

the  icrew  A,  and  is  petfor&ted  by  a.  by  that  eminent  artist,  for  deterroioin^ 

piece  of  cork  m  firmly  driven  into  it  with  the  utmost  possible  predsion,  the 

until  level  with  its  lower  surface.    The  espwisibility  of  the  rods  employed  l^ 

cork  is  then  pierced  vertically  to  receive  Oaieral  Roy,  in  the  geodesical  opera- 

theKlsssrodo  on,  which  is  thus  bus-  tions  that  are  the  foundation  of  the 

pendjed  in  a  thin  cylindrical  t;lass  jar  great  trigonometrical  survey  of  Britain. 

p,  21    inches  hif^h,  and  4  inches  in  Pi^.  18  contains  plans  and  setdons  of 

diameter,  filled  with  water.    The  glass  this  beautiful  contrivance,  and  although 

rod  is  the  standard  of  comparison,  and  we  do  not  propose  to  enter  into  a  mi- 

to  it  is  attached  a  rod  i «,  of  the  metal  nute  detail  of  the  different  parts  of  the 

to  be  tried,  by  two  connected  rings  r  r,  instrument;  a  general  description  will 

which  are  tightened  on  the  rods  by  two  show,  to  those  who  have   not  consi- 

screws.    Another  set  of  rings  v  is  ap-  dered  such  subjects,  the  nice  precau- 

plied  higher  up ;  but  through  this  the  tions  which  are  necessary  to  accura^^ 

rod  1 1  freely  slides,  while  it  firmly  chps  in  like  operations,  while  it  explains  its 

the  glass  rod  by  means  of  a  screw.    A  construction.    Ramsden'a  pyrometer  is 

delicate  thennometer  hangs  in  Ihe  centre  attached  to  a  strong  and  well  joined 

of  the  jar  p  to  note  the  temperature  of  deal  table,  or  frame  5  feet  iongi  28 

the  water,  which  is  occasionally  agitated  inches   broad,  and  42    inches   high ; 

to  secure  uniformity  of  temperature  by  of  which  an  end  elevation  u  seen  J^. 

the  rod  9  g.    A  syphon  z  to  draw  off  13,  B  ;  the  plan  of  its  top  will  be  b^ 

the  water  completes  the  apparatus.*  understood  from  an  inspection  of  A. 

In  nsin^  this  pyrometer,  warm  water  a    b   and    c  ij    are  troughs  of  deal, 

is  poured  into  the  jar,  in  order  to  heat  (firmly  screwed  to  the  table)  3  inches 

the  rods  ;  the  rods  are  adjusted  to  the  in  dituneter,  and  a  httle  longer  than  the 

focus  of  the  microscope  oy  the  screw  frvne ;  a  b  projects  a  little  over  Uie 

n;  the  thermometer  gives  the  d^jee  table,  but  c  li  is  in  a  line  with  Ihe 

of  heat  employed;  and,  by  means  of  ftame,  as  may  be  seen  at  B.    Each 

marks  on  tine  bars,  their  relative  ex-  trough  contains  a  cast  iron  prism,  1} 

pannoQ  is  given  in  divisions  of  the  inch  on  each  side,  firmly  fixed  in  the 

micrometer,    the   value    of  which    is  troughs,  at  the  ends  a  and  c,  by  meana 

known  by  previous  experiments.    The  of  brass  collars  emhrarang  the  prisms, 

connection  of  the  rods  is  more  dis-  and  tightened  by  screws  as  at  G,  while 

tinctly  seen  at  A ;  but  it  is  unnecessary  the  ends  b  and  d  pass  freely  through 

to  give  a  more  mmute  description  of  an  loose  collars,  vrithout  any  shake,  when 

instrument  which  has  been  superseded  their  dimeodons  are  altered  by  tempe- 

liy  the  more  accurate  and  more  elegant  rature.    The  prism  a  A  is  called  the 

contrivance  of  Ramsden,  so  elaborately  q/e  pritm;  because  it  carries  at  each 

detailed  by  General  Roy,  to  which  we  end  the  eye-pieces  of  the  microscopes 

■hall  presently  advert  I  mn,  and  opr;  which  are  figured  on 

ll.Fromexperimentswithttusinstru-  a  larger  scale  at  F  and  E.    The  other 

ment,  De  Luc  ingeniously  applied  a  cor-  prism  c  d  is  called  the  rnark  pritm  ; 
rection  to  the  sude  of  barometers  for 


because  it  carries  at  one  end  the  mark  I, 


temperature,   by   what,  in  the   same  andattheothererosswiresH;  e/isucop- 

paper,  he  calls  "  metaiiic  thermome-  per  boiler  2J  inches  wide,  aaa.3^  Aeep, 

ters~     The    scale  of  the  tiarometer  rather  shorter  than  the  wooden  troughs, 

was  fixed  on  a  bar  of  metal  of  known  The  centre  of  the  boiler,  or  rather  of 

expaiuibiUtr,  so  as  to  raise  the  scale  in  the  object  lens  standine  perpendicular 

eiact  proportion  to  the  expansion  of  to  It,  is  5,81   inches  from  the  cross 

the  mercury ;   and  thus  the  mere  in-  wires  of  the  msrk  m  ed,  and  2a.33 

spection  01  the  barometric  scale  vrill  inches  fivm  the  wire  of  the  micrometer 

give  the  true  hdght,  without  the  trouble  attached  to  the  corresponding  ^e-piece, 

of  applying  the  equation  or  formula  of  The  boiln  rests  on  five  small  rollers, 

correction  for  temperature,  as  in  ordi-  seen  in  the  enlarged  section  D.    The 

nary  observations.  boiler,  like  thetroughs.hasacock  to  the 

12.'We  comenowtocertainlythemost  right  hand;  and  ui  the  plan  A,  it  is 

complex,  but  the  most  perfect  of  all  represented  with  a  bar  in  it,  to  shdw 

contnvances  for  determining  the  rela-  the  position  of  the  rods  to  be  tried. 

'  The  water  in  the  boiler  is  heated  by  the 

•PkU.Tiu>.T.Liafiii.psitLF«7-  12  spiiitlainpsc^r  j-f.  Standing  onfouT 
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movable    ahelyea,  and    showing    only  that  prism ;  the  eve-piAce,  in  like  man- 

their  handlei  hh  h  h,  when  under  the  ner,  may  be  movea  along  the  eye  prism ; 

boiler.  but  the  object  lena  tube  wax  left  ia  the 

Hie  biJler  contains  another  essential  ringi  of  Ibe  slide,  and  another  lens  of 
part  of  the  Apparatus,  viz.  two  brass  the  same  fbcus  was  clsmped  to  the 
slides,  composed  of  two  cheeks,  kept  cheeks  of  the  slide  at  suitable  dislimces. 
-'■  -^qual  distances  by  cross  bars  as  m  The  staulard  prisms,  during  each 
a  prism  or  bar  is  rcfiresented  experinteat,  were  kept  at  the  treei- 
us  ivaua^  in.  the  centre  of  tlie  slides,  ing  temperature,  bv  ''^'^  ^^'^- 
The  long  slide  reaches  from  microscope  rounded  with  poundea  ic«.  J^  mi- 
to  microscope,  and  has  its  cheeks  If  croscopes  were  then  accurately  ad- 
inch  deep.  It  is  attached  to  the  boiler  justed  to  the  marks,  by  bringing  the 
only  at  uie  point  to,  and  it  rolls  on  the  croH  wires  to  bisect  them,  and  untd  this 
small  roller  x,  near  the  lefl  hand  of  D.  waa  accomplished,  the  rod  to  be  mea- 
The  right  hand  end  of  the  long  slide  is  snred  was  sJso  surrounded  with  ice. 
shut  up  by  a  piece  of  strong  brass  y,y.  The  lan^werethenappliedto  the  boiler, 
supporting  two  rings,  for  the  part  n  of  and  the  elongation  of  the  rod,  at  the 
the  fixed  microscope.  The  snort  slide  boiling  heat,  was  ascerbuned  by  the 
V,  V,  V,  V,  is  only  14}  inches  lonr ;-  its  micrometer  attached  to  the  mioxtfcope 
'  cheeks  are  11  inch  deep,  kept  psraDel  by  o,  p,  r.  In  these  delicate  investiga- 
braces,  as  seen  in  D.  It  moves  within  tions  there  were  two  ol)servers,  who  si- 
the  long  sUde  ;  and  its  outer  end  rests  multaneousty  used  iKith  microscopes, 
on  the  cvUndrical  surface  of  the  last  lest  any  alteration  had  taken  place  in 
brace  of  the  long  slide,  fitted  to  receive  the  fixed  end  of  the  rod ;  and  to  ensure 
it,  while  a  narrow  longitudinal  bar  z  accuracy,  the  experiments  were  twice  at 
moves  freely  in  the  notch  of  a  bridge  least  repeated. 

B,  framed  tor  it  iti  the  long  slide.    The  The  value  of  the  indications  of  the 

outer  end  of  the  short  slide  is  shut  up  micrometer,  on  which  so  much  depends, 

by  a  similar  piece  of  brass  to  that  cloa-  was  previously  thus  ascertained ; 

ing  the  opposite  extremity  of  the  long  Ihe  head  of  the  micrometer  screw 

one.    The  bar  or  rod  to  be  examined  =  0.9  inch  in  diameter,  and  was  divided 

abuts   against  the  piece  of  brass  y,  into  fifty  equal  parts,  each  of  which  was 

it  rests  on  the  three  rollers  «  a  «,  1  inoi  reckoned  two ;  and  thev  were  therefore 

in  diameter,  and  is  kept  in  the  centre  of  numbered    to     100.      Filty-fife    revo- 

the  slides  by  three  nulled  nuts  eee,  that  lutions  of  the  head  were  found  equal 

screw  up  so  as  not  to  press  too  much  to  0.77I7S  of  an  inch  ;  it  (bUows  that 

on  the  sides  of  the  bar.    At/isatube  there  are  71.27  threads  of  the  screw  in 

and  wire  moving  through  a  collar  of  one  inch ;  and  seven  revolutions  and 

oiled  leather,  that  by  means  of  a  helical  nearly  ,h^ths  move  the  micrometer  wire 

spring  presses  a  flat  piece  of  metal  ,'jlh  of  »j)  inch;  consequentlv  ^Jjth  of 

attached  to  the  vrire,  a^nst  the  shut  partof  arevolulion,  or  half  a  mvision  of 

end  of  the  short  slide  and  rod  to  be  the  head,  wiU  answer  to  a  motion  of 

measured,  so  as  to  keep  the  other  ex-  something  more  than  0,00014th  of  an 

tremity  of  the  rod  in  contact  with  y.  inc^.    Having  found  7.13  revolutions 

On  the  application  of  heat,  the  rod  ex-  e^ual  to  O.I  inch  at  ttie  wires,  it  is  ol>- 

pands,  and  overcoming  the  alight  resia-  vious  that  the  number  answering  to  O.l 

tance  of  the  spring,  carries  before  it  the  inch  at  the  Titark  being  also  found  and 

short  slide,  and  with  it  the  tube  con-  added  to  the  former,  their  sum  will  give 

tsuning  the  object  lena  of  the  micro-  the  measure  of  0.1  inch  at  the  object 

meter  microscope  o,  p,  t,  a  space  pro-  lens  of  the  microscope  o,  p,  r,  or  the 

portional  to  the  temperature  applied;  space  through  which  the  free  end  of  the 

and  it  is  this  space,  measured  by  the  rod  has  moved  by  the  change  of  Lempe- 

micrometer.  that  determines  the  nume-  rature.    This  last  point  was  ascertained 

rical  value  of  the  expansion  of  the  rod.  by  experiment  to  be  =  24.93  revolutions 

The   microscope   tutMS  are  divided  of  the  micrometer  head ;  which  being 

into  tliree  pieces,  for  the  convenience  of  added  to  7.13  =32.06,  "  for  the  number 

^)plying  Uie    instrument    to    measure  cf  revolutions  measuring  a  motion  of 

rods  shorter  than  five  feet    for  this  0.1  at  the  object  lens,  or  an  expansion 

purpose  the  central  screening  tube  of  of  tVth  of  an  inch,"  or  half  a  division  of 

the  fixed  microscope,  supported  on  the  the  micrometer  head  is  equivalent  to  an 

mahogonv  prism  t  A  by  a  collar,  may  expansion  of  the  rod  under  examination 

be  moved  and  clamped  at  any  part  of  of  ,,i,,of  bu  inch;  and!  of  a''  '  ' 
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which  may  readily  be  seen  by  tha  eye,  stniments  required  by  Qm  refinements 

=  iilgi.  of  jDodem  philosophical  isTeatigations, 

Such  it  the  vueroieopie  pyronuttr  of  but  euentiu  to  the  perfection  of  diffe- 

Rftmsden ;   an  instrument  not  indeed  rent  kinds  of  machinery  in  daily  use, 

suitable  for  ordinary  musses,  but  ad-  and  even  to  a  successful  investigation 

mirably  adapted  for  obtaining  an  accn*  of  the  laws  and  nature  of  heat  itselC 

nt«  estimate  of  the  comparative  expan-  With  this  instrument  Roy  detenabed 

sibility  of  difierent  solid* ;  an  otgeet  of  the  etpsiuion  of  the  seven  solids  in  the 

the   highest   importaaoe,  not  only  in  annexed  tstde. 
brin^g  to  pernction  the  delicate  in- 

Expansion  of 

^jlKfi.  Bfl".  ]««.  Inch. 

Sarolnfiaii.  FirB.      Pirti.         on  5  ItO.         aa  I  Toot. 

Dutchbrass 35.69=19^  =  0.111323  =  0.0222646 

English  plate  brass,  a  rod     .  36^1  ^  20  ^,h  =  01 13568  =  a.0227I3G 
Ditto,  in  the  form  of  a  trou^  36^5  =  20  ,^  =  0.113693  =  0.U227386 

Steel  rod 32.02  e  13 /^  =  0.068684  =  0.0137368 

Cast  iron  prism      ....  21.34  =  11  ^^  =  0.066563  =  0.0133126 

Olassrod         15.54b    8^-0.048473=0.0096944 

Ditto  tube        14.93=    8  tM  ^  0.046569=  0.0046569 

13.  The  instruments  tutherto  noticed  neous  body,  but  a.  mechanical  mixture 
are  inapplicable  to  very  Wgh  tempera-  of  argil  and  silex,  which  by  the  influence 
turns,  or  to  ascertain  the  heat  of  closed  of  heat  are  brought  into  more  intimate 
fire-places;anobject,inmanyprooesses  union,  and  therefore  diminish  in  bulk ; 
iDdwBrts.oftheutmostimportanee.  To  until  a  temperature  sufficiently  high  to 
supply  this  defici»icy,  our  celebrated  melt  them,  that  is,  to  convert  them  into 
Wedgwood  took  advantage  of  the  t»0-     a  homogeneous  mass,  is  applied :  after 

£ty   which  clay  has  of  amtractin^    which  the  product  obeys  the  general  law 
heat,  and  remsuning  afterwards  m    of  expansion  by  heat    AvaiCng  liiinself 
t  state  of  contraction.    This  property    of  this  property,  Mr.  Wedgwood  em- 
is  not,  strictly  speaking,  an  exertion  to    ployed  aamrometricviecu  cylinders  of 
the  general  law  of  expansion  by  mcreaae    fine  porcelain  clay,  slightly  flattenell  on 
of  temperature:  clayis  nota  homoge-    one  side,    as  seen  in   A  B,  fg,  19,* 
fii:.  19. 

A-  B 

€h  OB 


formed  by  pressing  the  *iay  into  as  eqoare,  vaA  two  feet  in  length,  fixed  on 

iron  tube,  and  balced  in  a  pcrtto's  fur-  a  brass  plate  eomergingly,  so  that  they 

naee.     It   was  found,    after  repeated  were  distant  at  one  end  just  O.S,  and  at 

trials,  that  the  piecea  of  day  oontraoted  the  other  0.3  inch.    For  convenience 

more  and  more  in  an  omform  ratio  the  rods  are  usually  divided  and  fixed  aa 

to  the  degree  of  heat  communicsted  to  m  the  figure  on  the  plate,  forming  two 

them,    and  permanently  retained  this  nearly   parallel  grooves- 1    With   the 

contraction;  so  that  by  apjilying  them  above-stated    convergence   the    whole 

when  cold  to  a  scale,  an  indication  of  

the  degree  of  heat  was  obtdned.  .pvitv         ii    -i       \a,\. 

The  scale  en^)loyed  by  Wedgwood  ^  Th.deg™  X^^.r^f^'^,  bVLni  aDiT«».taitk 

i    of   two   brass    rods   )   mch  ofsaiKhhafMCltBolpueapubleutktEiiu*. 
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groove  it  dirided  into  indies  and  tenths,  by  Wedgwood  should  then  be  followed 

making  240  degrees  in  the  whole  scale;  in  moulding  them.    The  paste  is  first 

and  the  higher  the  temperature  to  vrhich  to  be  rammed  into  a  metallic  mould 

the  pyrometric  piece  has  been  exposed,  0.6  mch  wide,  0.4  deep,   and  I  inch 

the  further  will  it  slide  up  the  scue.  Ions  ■  the^  should  be  dried  in  the  air. 

In  order  to  compare  his  scale  with  uia  when  quite  desiccated,  Wedgwood 

Fahrenheit's    mercuriul    thermometer,  gaged  them  in  another  mould  exactly 

which  cannot  measure  a  temperature  0,5  of  an  inch  wide,  and  of  the  fonu 

much  beyond  600°,  Mr.  Wedgwood  was  Kiven  in  the  figure.    Before  they  an 

compelled  to  make  use  of  the  erpamiont  baked  th^  will,  of  course,  just  enter  the 

of  a  pyrometric  piece  of  fine  suver,  ap-  widest  end  of  the  scale,  resting  at  0*. 

plied  to  a  gage  on  the  same  principle  as  When  contracted  by  baking  to  (th  of  thdr 

that  above  described.    By  fliis.the  ex-  bulk,  the;  irill  pass  to  the  120°;  and 

pansions  of  the  silver  for  90°  and  212°  whenreduced  to  fths,  they  would  passto 

y^irenheit  were  first  noted;  and  then  theE40°,  or  the  extremity  of  the  scale; 

the  silver  and  clay  pyrometric  pieces  tnit  Mr.  Wedgwood  never  did  obtain  a 

were  compared  at  the  same  temperature,  higher  temperature  than  leo*.    From 

By  such  means  Wedgwood  estimated  these  proportions  each  degree  of  Wedg- 

the  value  of  each  degree  of  his  scale  at  wood's  seaie  is  eqoivalent  to  a  contralc- 

130°  of  Fahrenheit ;   and  he  reckoned  tion  of  ilsth  part  of  the  pyrometric 

that  the  0*  of  his  scale  corresponded  piece. 

with  the  1 07T°.S  of  the  common  sca]&  The  difficulty  of  obtainiiiK  clay  of  an 

On  this  principle  comparative  tables  of  rniiform  Quah^,  and  not  liable  to  spon- 

tbe  two  thermometers  have  been  con-  taneous  cnange,  has  lately  given  rise  to 

strucled  ;  but  their  accm'acy  depends  on  a  suggestion  of  employing  pyrometric 

two  circunutances  which  have  not  been  pieces  formed  of  Chmese  amunatolite ; 

determined  to  the  satisfaction  of  the  a  suggestion  of  Mr.  Sivright  of  M^- 

philosophic  world.    Clay  being  a  hete-  getland,  well  worthy  of  attention.* 

rogeneous  mixture,  it  by  no  means  fol-  A   more    formidable   objection    was 

lows  that  its  contractions  are  equable  at  started   by  some  foreign  chemists  to 

different  temperatures  ;  and  even  were  Wedgwood's  scale ;  one,  indeed,  that 

this  ascertained,  there  is  great  doubt  would  have  overturned  the  theory  of  the 

how  far  the  means  employed  by  Wedg-  instrument    It  was  allied,  that  the 

wood  did  accurately  estimate  the  degree  efiect  of  a  long  continued,  or  often  re- 

of  Fahrenheit  at  which  his  scale  com-  pealed,  exposure  to  even  in/«rtorderr«M 

mences.  of  heat,  would  cause  contraction  of  ^e 

There  is  still  another  serious  objection  day,  aAer  it  had  undergone  the  action 

to  the  general  use  of  such  an  instrument,  of  a  higher  temperature.    This  point 

It  occurred  to  the  ingenious  inventor,  has  been  examined  with  much  care  by 

.i._.j'=. . — .■ i-_i ij —  Guvton  de  Morveau,  who  has  shovm, 

in  his valuablee9say,tthe  inaccm'ecyof 

..  thiiopinion;  although  he  contends  that 

mity,  to  a  certain  extent,  by  laying  in  a  Wedgwood  has  greatly  erred  in  the  at- 

lai^  stock  of  Cornish  clay,  which  he  tempts  to  convert  his  scale  into  degrees 

hoped  would  supply  innumerable  pyro-  ofFahrenhdt's  thermometer,  as  we  shall 

metric  pieces  ot^  the  same  quality.     It  immediately  notice, 

was  found,  however,  that  spontaneous  On   the   whole,    the    pyrometer   of 

changes  take  place  in  such  clay,  which  Wedgwood  is  an  instrument  well  adapt- 

render  its  indicatjona  liable  to  variation  ed  to  the  purposes  of  the  potter,  or  to 

at   distant  intervals;    or  pieces,  now  convey  some  idea  of  the  relative  heat  of 

formed  of  the  same  clay,  will  not  give  furnaces ;  but  we  cannotre^xd  the  de- 

the  same  indication  with  pieces  baked  tarmination  of  the  celebrated  inventor 

several    years    ago.     Attempts    were  as  giving  even  a  tolerable  approximation 

made  to  remedy  this  inconvenience  by  to  relative  d^^rees  of  high  temperatures 

forming  a  clay  of  uniform  quahty   at  by  other  scales.      As,   however,    Mr. 

fixed  proportions  of  silex  and  alumine.  Wedgwood's  tables  of  temperature  are 

Fine  Cornish  clay  yielded,  on  analysis,  oRen  quoted,  we    shall    here  subjoin 

two  parts  of  silex  SJid  three  of  alumine ;  them,  with  the  corresponding  degrees 

and  such  a  mixture  made  into  a  paste  of  Fahrenheit,  accco'ding  to  nis  c&lcu- 

with  ;ths  their  weight  of  water,  has  Deen  latioa. 

recommended   for   the  fabrication    of  -,-          _^ 
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that  they  should  be  at  aotne  little  diitaace 
J^.  20. 


rhlMnporcri«lD.  bwnottifmiHl-.H*  —31^7 
OiHUtt  hflvt  vt  ua  %\r  Aimace  ddht 

kidffbi  dluMto't  deduct  nAoi 

KnknDuxalilnuilL lOt  o  SI  ,177 

KitnnilCyofWdlcwiKxI'tKils MO   =W,177 

tcom  each  other,  and  so  bent  that  they 

These  results  are  rendered  donbt-  cannot  become  parallel  by  any  reduction 

ful   bv  the   causes  already   noticed;  of  temperature  to  which  they  may  be 

and  the  experimenU  of  Monreau  and  exposed,    Regnier  found,  that  two  such 

Daniell  with  pyrometers  of  plaHna  lead  tars,  of  two  metres  in  length,  by  a 

to  very  difierent  results.  change  of  temperature  equal  to  60  cen- 

14.    The   metallic    thermometer    of  teBinwl  decrees,  changed  the  relative 

R^nier  is  described  in  a  report  of  the  position  of  their  centres,  or  had  a  plia 

French  Institute  for  1 79S.*    The  inven-  equal  to  65  millimetres;  but  the  cor- 

tcw  had  remarked,  that  when  a  thin  rection  for  the  expansion  of  the  iron 

metallic  rule,  resting  on  a  table,  is  raised  frame  reduces  this  by  1;  so  that  there 

bythe  middle,  it  forms  a  segmental  arc  remains   about  26  millimetres  for  the 

of  which  the  verted  tine,  that  is  a  line  real  play  of  the  centres  of  the  bars ; 

perpendicular  to  the  chord,  drawn  to  the  and  if  the  frames,  in  public  instruments 

centre  of  the  arc,  is  twelve  times  longer  of  this  sort,  are  made  of  stone,  that 

than  the  space  through  which  the  extre-  change,  by  diminishing    the  ernansi- 

mity  of  the  bar  has  moved  ;  and,  on  this  bility  of  the  frame,  will  increase  that  of 

principle,  he  proposed  to  oonatruct  an  the  bars.     Regnier  gave  a  radius  of  659 

mstrumentfornotingvariationsoratmo-  millimetres  to   his    index;   so  that  it 

Sheric  f  empCTature.     The  small  models  wjij  traverse  over  a  drole  of  1.299  mfi- 

lich  he  exhibited  answered  perfectly;  tres  in  diameter.     The  pinion  has  B 

but   his    intention    was,    to   apply  his  leaves  in  a  diameter  of  27  millimetres  ; 

invention   to  instruments   on   a  Urger  and  these  proportions  are  such,  that  a 

scale  for  public  use.  temperature  of  60  degrees  centesimal 

The  instrument  consists  of  two  plates  will  nearly  cause  a  whole  revolution  of 

of  yellow  copper,  two  metres  long,  fixed  the  index  round  a  dial  4.085  metres  in 

in  an  iron  frame,  in  a  bent  position,  circumterence.      Hence    each    degree 

with    their    concave    surfaces  toward  ^rould  be  about  6S  miUimetres  in  size, 

each  olher,  as   in  the  sketch.  Jig.  20.  or  rather  more  than   31   inches  ;  and 

Ononeisflxedapinionof  eight  leaves,  consequently  might  be  distinctly  seen  at 

on  an  axis,  the  end  of  which  supports  some  distance. 

an  index  to  mark  the  temperature.  To  15,  The  plafina  pyrometer  of  Guyton 
the  centre  otthe  other  plate  is  attached  de  Morveau,y(g.  21,  was  laid  before  the 
a  toothed  rack,  in  the  position  of  the  French  Institute  in  1804,  and  was  de- 
versed  sine  of  the  curve,  playing  in  the  signed  to  measure  the  heat  of  open  fire- 
leaves  of  the  pinion.  When  the  plates  places  and  of  furnaces, 
are  cooled  they  approach  each  other.  Its  basis  is  a  small,  yet  solid  plate 
when  heated  their  centres  recede;  and  the  a,  6  of  highly  baited  porcelain,  in  which 
only  cireumstances  of  consequence  in  is  a  grove  capable  of  containing  a  flat 
the  position  of  the  bars  or  [dates  are.  bar  of  platina  c,  1.75  inch  in  length, 

^ 0.2  of  an  inch  Ijroad,  and  about  0.1  of 

^(^„.— ^j.i.i-^-.  -u..: — ..  ^-  11  „  t  an  inch  in  thickaeu.    One  end  (^  tliii 
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tar  rwts  or  aiwts  against  the  bottom  of    meters  of  mercury  and  of  oU  can  sustain 
FSg.21.  a  temperature  of  517°  F.  without  any 

luminousness  even  in  the  dark. 
(  Morveau  appears  to  have  taken  great 

^  pains  to  connect  the  scale  of  his  pyro- 
meter with  the  common  thermometer ; 
and  he  is  probably  nearer  the  truth 
than  Wedgwood.* 

Hia  coneded  table  of  Wedgwood's 
tempentures  is  as  follows . — 

Wide  w-k. 

VMemrfboOt SP  =.      OtiTS 

Z"^«""i a    =       705,»6 

AiDBiiaj mdn 7  =     easaa 


^K 


the  groove;  the  other  presses  against 
the  short  arm  of  a  bended  leva-,  the 
lon^  arm  of  which,  moving  on  a  pivot, 
becomes  the  index  of  the  instrummt. 
The  short  arm  of  this  lever  is  iuit  < 


16.  In  1B03,  Mr.  James  Crighton 
Glasgow,  published  a  new  "  metallic 


twentieth  of  the  len^  of  the  long  thermometer,"  in  which  the  unequai 
arm,  which  m  the  onpnal  instniment  expansion  of  lincandironistheraovinB 
was  equal  to  1.8  mdi;  consequenUy  power.  A  bar  is  formed  by  unitinij  a 
the  apace  moved  over  by  the  long  arm  plateof»incjto.22,c,(i  a  inches  lon"^,l 
will  be  twenty  times  as  great  as  the  mo-  ° 

tion  caused  in  the  short  ana  by  the  ex- 
pansion of  the  bar. 

A  finely  graduated  arc  of  a  circle,  ot 
which  the  index  is  a  radius,  is  fixed  on 
the  porcelain ;  and  each  degree  of  this 
arc  IS  subdivided  into  ten  parts  by  a 
vernier  on  the  extremity  of  the  index 
itself,  and  thus  the  inslnunent  is  capable 
of  indicating  an  expansion  of  ,,'iith 
part  of  the  radius.  All  these  parts  are 
ofplatina.  J 

With  this  instrument  Guyton  made 
many  experiments,  the  seneral  result  of 
whicn  proves,  that  Wedgwood  hat 
greatly  erred  in  assigning  too  high  a 
temperature  for  the  degrees  of  his  scale, 
a  result  confirmed  by  the  later  experi- 
ments of  DanielL  Guyton  ascritws 
Wedgwood's  error  to  his  estimating  the 
fusing  point  of  tilver  much  too  high. 
It  was  by  means  of  a  pyrometric  piece 
of  fine  silver  that  Wed^ood  connected 
his  scale  with  that  of  Fahrenheit ;  and 
an  error  with  respect  to  that  metal  must 
viciate  all  the  results.  According  to 
Morveau,  the  fusing  point  of  silver 
ought  to  have  been  at  22°  W,  instead  of 
28°:  and  each  degree,  instead  of  being 
equivalent  to  130'  of  F..  ought  to  tiave 
been  no  more  than  e2°.5i  while  the 
commencement  of  his  scale  shouTd  have 
been  at  517°  F.,  instead  of  at  1077''.5. 

There  is  some  reason,  however,  to  ___^„ 
believe,  that  Morveau  has  staled  a  red  P^*^*"^ 
beat  in  day  r^her  too  low ;  fortbermo-       •Aaaal* 


inch  broad,  and!  inchthiclc.toaplateoC 
'-T»n  a,  b  of  the  same  len^h.  The 
wer  extremity  of  the  compound  l>w 
firmly  attached  to  a  mahogany  boani 
HI  e,  e;  a  pin  /  fixed  to  its  upper  end 
plays  in  the  forked  opening  in  the  short 
arm  of  the  index  g,  g.  When  the  tem- 
raiwc^  uie  superior  expan- 
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inoD  of  ihe  xhw  e  d  will  bend  the  whole    of  a  bottle  ■,  and  narrow  tobe  b  of  pl^ 

bar,  aa  In  the  figure;  and  theindei^    tins,  the  former  to  receive  the  impres- 

will   more  along  the  graduated  are,    sion  of  the  heat,  and  the  latter  to  convej 

from  right  to  left,  in  proportion  to  th«    the  expanded  air  into  ee,  en  air'tif  ht 

temperature.     In  order  to    convert   it    cistern  partially  filled  wit^  water.    The 

into  a  register  thermometer,  Crighton    oorer  of  the  cistern  is  perforated  by 

^plied  two  slender  hand$A,Aon  the    three  holes;  in  one  of  nhich  the  end  of 

axis  of  the  index:  these  lie  below  the    the  platina  tube  is  cemented;    in  the 

index,  and  are  pushed  fai  opposite  direc-    second  is  fixed  a  rIbss  tube  d,  contain- 

tions  by  the  stnd  i,  a  contrivance  seem-     ing  a  common  thermometer ;   and  in 

ingly  borrowed  from  the  instrument  of    the  thitd,  a  slendo-  |;raduated  tube  e, 

Fitzgerald.  which  dips  into  the  water  in  the  dstem. 

On  the  whole,  the  principle  of  this    The  thermomeler  is  tor   ascertaining 

pyrometer  is  just ;  but  it  does  not  seem    the  temperature  of  the  included  air  of 

to  possess  any  considerable  advantages    the  cistern  before  the  experiment ;  the 

over  several  of  those  already  noticed.         graduated  tube    for   ascertaining  the 

1 7.  We  have  some  doubts  of  the    temperature  communicated  to  the  pla- 

propriety  of  noticing  a  sort  of  airpt/-    tiaa  bottle  by  the  ascent  of  this  water 

fomeier^fig,  23,  propoied  by  M.  Schmidt    raised  tnr  the  pressure  of  the  expanded 

air  on  the  surface  of  the  fluid  m  the 

dstem.    Any  further  description  would 

be  superfluous. 

The  pyrometer  of  Mr.  Daniell  ijlg. 

24)   was   first  described   in   Brande's 

Quiaierly  Jourrtai.*  The  movingponer 

.    is  a  rod  co-wire  of  platina  li).2  inches 

in  length,  and  0.14  inch  in  diameter, 

flxed  in  a  tut>e  of  tilachlead  ware  a,  b,  e, 

by  a  flanch  within  and  a    nut    and 

of  Jasy  ia  Moldaria."    It  ii  m  evi-    screw  without  the  tube  ato.    Tliis  tube 

dently  a  mere  theoretic  proposal,  and  is,    has  a  shoulder  mouliled  on  it  at  h,  for 

besides,  an  expensive,  olumay,  sjid  pro-    the  convenience  of  always  inserting  it 

bably  not  very  accurate  mode  of  ascer-    into  the  furnace,  or  muffle,  to  the  same 

taining  high  tempentturet.    It  consists    depth.    From  the  extremity  of  the  pla- 


Fif.iA. 


tina  rod  at  fr  proceeds  a  Due  wire  of  that  part  of  the  platina  wire  lapiwd 
the  same  metd,  ,Ji  inch  in  diameter,  round  the  wheel,  and  connecting  it  with 
which  comes  out  of  a  brass  ferrule  d,  the  spring,  has  rendered  the  motions  of 
and  passes  two  or  three  times  round  the  index  lUore  sensible.  The  axis  of 
the  axis  of  the  wheel  i,  B,  ^.24.  It  t  is  =  0.063  inch,  and  the  diameter  of 
then  bends  back,  and  is  attached  to  a  the  wheel  one  inch :  its  teeth  play  in 
■lender  spring  m  n,  which  is  flxed  by  Uie  teeth  of  another  wheel  just  one- 
one  end  to  the  pin  at  n,  on  the  outside  third  of  its  diameter,  bv  which  the 
of  the  ferrule.  wheel  A  has  three  times  the  movement 
The  substitution  of  a  ulk  siring  for  of  i;  and  the  index  on  the  axis  of  A 

•  NickilnB'i  Jotnsl,  Sra.  HTin,  loL  iL.141.  •  VoLii.p.3W. 
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moves  therefore  ttiree  tiinee  round  fbr 
every  revolution  of  L  The  action  of 
tiie  spiral  apnng  m  draws  round  the 
wheel  t  and  the  index,  when  the  ex- 
pansion of  the  platina  rod  permits  it  to 
act.  The  (hal  ts  divided  into  360  de- 
grees. By  experiment,  DanieU  ucer- 
tiiined  that  each  decree  of  his  scale 
=  7  degrees  of  Fahrenheit's :  and  he  has 
published  an  account  of  some  well  con- 
ducted experiments  on  the  fusing  points 
of  some  of  the  metals  with  this  instru- 
ment, which  very  widely  differ  from  the 
results  obtained  by  Wedfpvood,  but 
nearly  agree  with  those  of  Morveau. 
Mr.  Danielt  found,  that  after  being 
exposed  to  high  temperatures,  the  py- 
rometer did  not  fall  to  the  point  from 
which  it  set  out ;  a  circumstance  wluch 
he  attributes,  with  justice,  to  changes 
in  the  form  of  the  tube  induced  by  a 
high  temperature.  This  is  certainly  an 
imperfection  in  the  principle  of  the  in- 
strument ;  but  if  the  degrees  of  heat 
be  marked  by  the  ascending  series,  its 
indications  seem  tolerably  correct,  and, 
although  i>erha^  little  to  be  depended 
on  in  mce  investigations,  it  may  become 
an  useflil  instrument  to  manufacturers 
who  make  use  of  high  temperatures. 
The  tube  should  not  be  exposed  to 
a  naked  fire,  except  it  be  of  wood  char- 
coal ;  because  the  foreign  ingredients 
of  fossil  coal  will  adhere  or  incorporate 
with  the  Dlacklead  ware  of  the  tube. 
On  these  grounds  we  should  feel  more 
inclined  to  recommend  the  pyrometer 
of  Morveau,  which,  besides,  ia  extremely 
portable ;  and,  beingwholly  exposed  to 
the  heat,  is  less  liable  to  be  aftected  by 
extrinsic  circumstances  in  its  indications. 
The  following  table  exhibits  some  of 
Darnell's  comparative  results. 


18.  Hestn.  Br^iuet;  the  cel^rated 
chronometer-makers,  have  lateW  con- 
structed a  most  el^ant  and  oelicate 
pyrometer,  or  metamne  thermometer, 
of  which  we  give  a  figure.  (See  Jig, 
aa.) 


It  consists  of  a  helix  formed  of  three 
-etals  of  unequal  expansihihty.  The 
exterior  plate  of  this  delicate  helibc 
is  of  silver,  the  interior  of  platina,  and 
between  them  is  one  of  gold.  Two  only 
are  necessary  to  the  perfect  action  of 
the  inslnunent ;  but  from  the  difference 
of  expansihihty  between  silver  and  pla- 
tina, they  would  be  hableto  separate  by 
sudden  changes  of  temperature ;  and  a 
thin  plate  of  gold,  which  is  of  interme- 
diate expansibility,  is  interposed.  The 
whole  form  a  single  flat  puje  or  wire 
about  ilith  of  an  inch  in  thickness. 
The  upper  exfremityof  the  helix  is  fixed 
to  the  brass  support  b,  which  hj  its 
form  insulates  the  helix,  and  permits  its 
coihng  and  uncoiling  freely.  To  its 
lower  extremity  is  attached  a  gold  needle 
e,  kept  horizontal  by  a  small  counter- 

Soise.  This  needle  moves  round  a  gra- 
uated  circle  representing  degrees  of 
the  cenhpade  scale.  When  the  am- 
bient air  is  heated,  the  expansion  of  the 
metals  carries  round  the  needle  in  the 
direction  of  the  coils  of  the  helix,  and  a 
diminution  of  temperature  moves  it  in 
the  opposite  direction  by  relaxing  the 
coils.  Experiment  has  proved  tha.t 
equal  incremeitts  of  temperature  move 
the  needle  over  equal  spaces  of  the 
scale,  BO  that  it  is  comparatde  with  other 
thermometers. 
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The  Mnaibilityof  the  iiwtrumeatiare-  The  iK^ht  of  the  inBtrument,  from 
presented  as  very  great,  nhen  compired  vhich  this  description  is  drawn,  is  3 
to  a  mercurial  thermometer ;  and  it  is  inches,  including  toe  feet, which  are  lialf 
applicable  to  such  purposes  as  ascer-  an  inch ;  the  diamefer  of  the  helix  is 
tainin^  the  temperature  of  a  vacuum,  rather  less  than  ft ;  and  its  length  is 
which  the  mercurial  thermometer  is  able  1 1 ;  the  diameter  of  the  graduated  circla 
to  do  less  acGuratelv,  because  of  the  di-  ia  2  inches  inside,  and  its  bi«adth  }. 
ktabiji^  of  its  bulb  by  the  removal  of  19.  The  instrument  delineated  in  Jig, 
2E,  trosa    one    now   before    us,  b  a 


beautiful  instrument  of  the  same  kind,  and  the  arch-head  moves  over  a  space 

the  work  of  the  Parisian  artist,  Fre-  proportional  to  tAe  difference  in  lentcth 

derick  Houriet,  which  appears   to  be  of  the  arms  of  the  lerer.     How  this 

htlle  known  in  this  country.    It  is  of  motion  is  communicated  in  an  increased 

the  site  of  a  thin  ordinary  watch,  with  a  ratio  to  the  index  is  obvious  from  the 

dial  A  divided  according  to  the  centi-  construction.    Under  the  cock  i,  which 

i;rade  scale.  The  mechanism  is  covered  ■  supports  the  common  axis  of  the  index, 

bv  a  thin  plate  of  metal,  which  opens  and  g,  is  a  spiral  spring  of  flattened 

like  a  hunting  natch  ;  and  the  instni'  gold  wire,  intended  to  bnng  hack  the 

meni  is  so  delicate  as  to  move,  in  less  index  when  the  contraction  of  the  t>ar 

than  a  minute,  after  it  is  laid  on  the  allows  it,  and  to  retain  the  piece  d  in 

hand,  at  an  ordinaiy  temperature  of  contact  with  the  short  arm  of  the  le- 

60*  F.  ver  e.    The  instrument  ia  adjusted  by 

The  pyrometiic    piece  is   the  bent  means  of  a  steel  screw  *  worUng  in  a 

compound  t>ar  a,b,a,  b,  composed  of  smalt  tube,  which  perforates  the  end 

a  plate  of  steel  on  the  side  a,  and  of  piece  d. 

another  of  brass  on  the  side  b,  united  The  whole  instrument  is  most  deb- 

lofether  into  one  htx.    The  steel  plate  cately  made,  and  it  accords  in  its  indi* 

is  iV  inch  in  thickness,  and  the  brass  cations   with  a   mercurial    centigrade 

twice   as    much,  fbrming    a  bar  9.S  thermometer,  with  which  it  has  been 

inches  in  length,  and  atraut  i  inch  in  carefullv  compared ;  forming  one  of  the 

depth.    One  extremity  is  &Wyseciu«d  most  el^ant  metalline   thermometers 

to  the  fi'ame  at  c :  the  rest  of  it  is  hitherto  described, 
free,  bent  up  for  the  convenience  of 

uie,  and  secured  against  any  acddentol  CflAmK  III. 
iiijury  from  rude  handling  by  passing 

between  two  steel  studs  A,  A.    Its  tiree  liubtiy  and  Conttntetion  qf  RegUler 

extremity  is  terminated  by  a  plate  of  Thermometer*. 

sted  d  «:rewed  to  it,  and  projecting  0  3  thb  original  suggestion  of  a  thermc 

'".fiL  ^"^  ;''.J°,  P'*'i/8r^* ,*«  meter  which  couS^register  its  own  indi- 

.hort  arm  e  of  the  lever//.    The  long  ^^tions  in  the  absen^of  the  observer,  is 

arm  of  the  lever  ends  m  an  "^ch-he^  ^^^  ^^  the  celebrated  John  Benioulli, 

with  thirty  teeth,  that  play  m  the  teeth  „ho  describes  such  an  instrument  in  n 

of  a  small  wheelj  wilfi  twenty-two  Utier  to  Leibnita ;  •  and  an  instrument 
teelh,  which  is  fixeJon  the  axis  of  the 
slender  hand.    Hie  lengtheiung  of  the 
bar  pushes  the  short  arm  of  the  lever. 
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on  newlf  tbe  stum  piinciple  was  con- 
•tnicted  by  KnA :  •  but  their  con- 
triTBDcei  kre  inferior  to  wertnl  others 
of  a  Iktcr  period,  uid  do  not  require  k 
defied  notice.  We  ghall  therefore  pro- 
ceed to  dcMribe  the  moal  kpprorea  re> 
gister  thenooraetert. 

1.  Lord  Cherles  CAvendish  oommu 
nieatad  to  the  Ro^el  Society  different 
forms  of  thermometers,  intended  to 
register  the  maximum  and  minimum 
temperature  in  the  absence  of  the  ob- 
•erver.t  His  lordship's  thermomeler  for 
showing  the  maximum  is  represented  in 
Hg.  27.  Itconsists  of  a  cylindrical  bulb. 
Fig.  29.  Pig.  28.        Fig.  27. 


t 


■od  a  stem  terminating  in  an  open 
capillary  orifice,  covered  by  a  class  cap 
or  ball  e  completely  closing  the  ther- 
mometer. The  bulb  and  part  of  the 
stem  are  filled  with  mercury,  the  rise 
and  fall  of  which  indicate  the  tempera- 
ture in  the  usual  way ;  above  the  mer- 
cury a  portion  of  aknhol  is  intro- 
duced, sufficient  to  fill  the  rest  of  the 


f  rhii.  Tiui.  Tsk  vTat  rui}. 


tbe  mercury  rises  it  drives 

before  it  into  the  cap  e,  from  whicn  it 
cannot  return  while  the  instrument  re- 
mains erect ;  and  the  deficiency  of  spirit 
in  the  tube,  on  the  subsiding  of  the 
mercury,  measured  by  a  proper  scale,  will 
show  how  much  tlie  maximum  rise  ot 
the  thermometer  exceeded  its  tieight  at 
the  time  of  the  observation. 

To  prepare  it  for  a  fresh  observation, 
ttie  thermometer  is  to  be  heated  by  the 
hand  until  the  spirit  fills  the  whole 
tutie,  which  is  then  to  be  inclined  so 
that  the  spirit  in  the  cap  may  cover  the 
capillary  orifice  :  as  the  ball  cools,  the 
spirit  will  drain  into  the  tube  tlius  in- 
clined, and  fill  it  as  completely  as  before. 

Fig.  2B  is  a  construction  of  the  same 
instmment,  intended  to  obviate  the  in- 
convenience of  so  weighty  a  bulb  as  that 
filled  with  mercury  must  be. 

Lord  C.  adds  a  correction  which 
should  be  made  on  account  of  the 
difierence  of  expansion  of  mercury  and 
spirit,  in  computing  (he  deficiency,  i. 
this  be  measured  by  the  same  scale  as 
the  ascent  of  the  mercury :  the  degrees 


between  them. 
Fig.  29  is  his  lordship's  minimum 
thermomeler.  Its  Imlb,  ]  of  the  ball  d, 
and  part  of  the  leg  6,  are  to  be  filled 
with  spirit  of  wine ;  tmta  A  to  e  is 
occupied  liy  a  column  of  mercury,  and 
alMut  1  of  tf  contains  a  porKon  of  this 
fluid;  a  little  alcohol  is  likewise  intro- 
duced above  the  mercury  before  the 
orifice  of  the  tube  at  «  is  closed  in  the 
usual  manner.  The  mercury  at  e  will, 
when  furnished  with  a  proper  scale, 
indicate  the  present  temperature  in  the 
ordinaiT  way ;  but,  when  the  spirit  in 
the  bulb  contracts  hy  cold,  the  mercuiy 
will  rise  in  the  short  W  of  the  siphon 
from  b  into  the  ball  d,  fi'om  which  it 
cannot  get  back  into  the  tutw  b.  This 
will  therefore  occasion  a  deficiency  of 
mercury  in  that  leg,  which,  measured  by 
a  proper  scale  attached  to  the  short  leg 
of  the  siphon,  and  subtracted  Irom  the 

£  resent  neieht  of  the  mercury  in  the 
ing  leg,  wm  show  the  lowest  point  to 
which  the  thermometer  had  fallen 
during  the  absence  of  tbe  observer. 
To  prevent  the  mercury  falling  in  too 
large  drops  into  the  ball  d,  by  which  the 
delicacy  of  the  instrument  would  be 
impaired,  a  solid  but  fine  thread  of  glasa 
passes  throut;h  the  short  leg  to    the 
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IT  Mok  /  of  tba  b»H  A  lq»  which       i.  Th«  RmttBT  ' ._ 

thepuMgeu  (till  flirlhar  ooDtrocted,  ao    Tented  by  Mr  James  Bis,  of  Colchester, 


thtt  tho  mercury  trickles  through  i 
moit  minute  division.  The  initnuiwnt 
ia  prepared  for  a  new  olnervation  by 
being  inclined  so  as  to  bring  the  mer- 
cury in  rf  to  cover  the  orifice  at  /;  the 
bulb  i*  then  heated,  and  the  mercui; 
i*  expelled  from  the  ball  into  the  short 
leg  of  the  liphon,  until  it  be  filled  with 
that  fluid. 
Fig.  30  ia  anothsr  fonn  of  the  la«t 


was  lirst  described  in  the  PJulotophiad 
Tnmtaetiotu,*  and  is  repruented  ia 
^.  31.    It  i»,  in  bet,  a.  spirit  of  wiiw 


\ 


iiutruinent,  which  has  tlie  idmitage  of 
being  more  easily  adjusted,  and  is  less 
liable,  <rom  slieht  motion,  to  hare  the 
mercary  which  hw  passed  into  a 
brought  back  into  the  tube. 

These  instruments  are  extremely  in- 
genious contriTBncea ;  but  there  are 
some  practical  difficulties  in  their  con- 
struction ;  and  the  minimum  thermo- 
meter ii  rather  liable  to  be  broken  from 
the  size  of  the  bulb,  and  the  sereral 
bendinffa  of  the  tube.  Hence  Lord  C. 
Cavendish's  thermometers  never  appear 
to  have  ciHne  into  fteneral  use,  although 
very  well  adapted  for  certain  purposes, 
as  for  ascertaining  the  tamperalure  of 
the  ocean  at  great  depths.  It  is  there- 
fore unnecessaty  here  to  notice  the  cor- 
rections pointed  out  by  Mr.  Cavendish 
in  its  applications  to  various  purposes. 

2.  Next  in  point  of  time  ia  the  con- 
trivance of  FltiBerald ;  which  baa  licen 
ahvady  noticed,  as  well  as  that  of 
Crighton ;  for  rendering  their  melallia 
thermometers  indicator*  uf  the  maxima 
and  mioima  of  temperature  during  the 
ti)feiice  oftha  obMnreb 


bulb,  and  a  lube  bent  in  the  k 
siphon  with  parallel  1^,  and  termi< 
nating  in  a  small  cavity.  A  portion 
of  the  two  l^s  of  the  siphon  from  a 
to  6  is  filled  with  mercuiT ;  the  bulb, 
and  the  remainder  of  both  leg*  of  the 
siphon,  as  well  »t  a  small  portion  of 
the  cavity,  are  filled  with  highly  recti- 
fied alcohol  The  double  column  of 
mercury  is  intended  to  give  motion  to 
the  two  indices  c,  d;  the  form  of  which 
it  better  seen  at  A.  I^ach  index  con< 
aists  of  a  bit  of  iron  wire  inclosed 
in  a  glass  tube,  which  is  capped  at  each 
extremity  by  a  button  of  enamel.  Their 
dimenaiona  are  such,  that  they  woidd 
move  Iteely  in  the  tube,  were  it  not  for 
a  thread  of  glass  drawn  trom  the  upper 
caip  of  each,  and  inclined  so  as  to  presa 
against  one  side  of  the  tube,  formmg  a 
delicate  spring  of  suffieiant  power  to 


•  ToL  l«il. 
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rrtain  the  ititched  index  at  U17  put  of  expannon  ot  (he  tube  is,  in  mcnt  of  the 

the  tube,  to  wbtdi  it  i«  niwa  Dvthe  inatrumenti  now  made,  rather  too  «mall; 

column  of  mercury.    The  action  of  the  inaix'soriginaIinstrument,thispaTtwas 

instrument  will  now  be  readily  nnder-  a  cylinder  of  S  inches  in  leneth,  by  half 

stood.    When  Hi  incicaie  of  tempera-  ui  inch  in  diameter,  to  a  Dulb  of  I G 

tore  expands  the  apuit  in  the  bulh,  it  inches  in  length,  and  A  iuch  in  internal 

depreue*  the  aiawrf  in  the  limb  a,  diameter. 

and  proportionilly  rataei  it  in  the  limb  The  chief  defect  of  Six's  thennome- 
b  of  the  ^ihon :  u»  mercurial  column  ter  arises,  as  in  most  o  ber  contrivances 
in  the  latter  ruses  Uieii^exti  before  it;  of  this  sort,  from  the  unequal  expan- 
■nd  nhen  the  mercury  sinks  in  that  leg,  sion  of  the  spirit,  and  the  introduction 
the  bottom  of  the  index  d,  retained  at  of  two  liquids  of  veiy  diferent  expansi- 
that  height  by  the  f^ass  spring,  will  in-  bility  in  the  instrument ;  while,  from  the 
dicate  how  high  the  mercunr  had  risen,  construction,  it  would  tie  difficult  to  ap- 
When  the  spirit  in  the  bulb  contracts  ply  any^neral  correction  to  its  indica- 
by  cold,  the  mercury  in  the  limb  b  de-  tions.  It  does  not  indicate  the  expan- 
scends,  and  the  consequence  is  a  pro-  sion  of  the  spirit  only,  but  also  that  of  the 
portions!  ascent  of  the  column  in  the  mercurial  column ;  which,  where  nice 
sidea;  which  likewise  carrying  the  in-  obserrationisreqmred.wouldbeof  some 
dex  e  befoie  it,  leaves  its  lower  extre-  moment ;  and  the  necessary  friction  of 
mitv  at  the  point  to  which  the  column  the  indices  will  also  tend  to  diminish 
ofUiatsidenad  risen.  In  this  manner  the  efitet  of  expansion.  Yet  this  in- 
the  Dtonnucm  and  nanimum  tempera-  strument  is  a  valuable  addition  to  me- 
tures  are  aeen  at  any  desired  interval  of  teorolo^ ;  and  is  probably  the  most 
time ;  and  all  that  is  necessary  to  pre-  convenient  for  ascertaining  the  tempe- 
psre  the  instrument  for  a  fresh  observa-  rature  of  the  ocean,  at  great  depths,  of 
tion  is  to  Ining  down  both  indices  to  any  hitherto  given  to  the  public 
the  surface  of  their  respective  columns  4.  The  day  and  night  thermometer* 
by  means  of  a  magnet,  which  will  of  Dr.  John  Rutherford,  from  the  sim- 
aet  on  the  bit  of  iron  wire  included  in  plicity  of  thdr  construction,  and  low 
the  body  of  each  index.  From  the  price,  have  in  some  measure  super- 
above  ({escription,  it  is  obvious,  that  seded  the  register  thermometer  of  Six. 
there  must  be  an  amending  scale  to  lliis  ingenious  and  elegant  device  w 
messure  the  degrees  of  expansion  in  b,  first  published  in  the  Transactions 


J  scale  applied  to  a  to  the  Royal  Society  of  Edinbur^,*  and  is 
mark  the  contrartion  of  the  spirit  Mr.  represented  in  Jig.  32 ;  where  A  re- 
Six  gnduated  his  thermometen  by  presents  a  spint,  and  B  a  mercurial 
placing  them  in  water  at  difierenttem-  thermometer,  each  provided  with  its 
peiMures.  and  marking  on  lui  scales  own  scale,  placed  horisontaUy  or 
the  bei^te  correspondmg  to  every  b*  of  the  same  piece  of  box  wood  or  ivory. 
t  stutdard  mercurial  thermometer  im-  B  contains,  as  an  index,  a  bit  of  steel 
memed  in  the  same  liquid.  This  elegant  wire,  nhich  is  pushed  before  the  mer- 
invention  has  bec<Hne  a  common  instru-  cury,  and  >s  left  in  that  situation  to 
ment;  and  on  account  of  the  ease  with  mark  bow  high  the  temperature  had 
which  the  ^ass  spring  of  the  index  may  been.  A  contains  aglass  index  half  an 
be  broken  off,  many  instrument  makers  inch  long,  with  a  small  knob  at  each 
substitute  a  slender  bristle,  tied  to  the  end ;  it  lies  in  the  sinrit,  which  can 
upper  part  of  the  index,  and  lam>ed  freely  pass  beyond  it  wnen  expanded  1^ 
round  its  body,  as  at  B.  This  readers  beat ;  when  contracted  by  cold,  frona 
tite  spring  less  easily  spoiled  by  the  the  attraction  between  spirit  and  kUss. 
careless  dutlinK  of  tne  index ;  but  the  the  last  film  of  the  column  of  spirit  is 
hair,  by  bong  long  steeped  in  spirit,  is  enabled  to  overcome  the  slight  frichon 
liable  to  have  its  elasticity  destroyed ;  of  the  index  on  the  bside  of  the  tube, 
and  a  slender  silver  or  platina  wire  and  to  carry  it  back  towards  the  tnilb- 
wodU  be  preferable.  The  usual  dimen-  This  attraction  is  so  considerable,  that 
sions  of  the  instrument  arc,  a  bulb  although  the  index  will  move  finely  up 
from  6  to  16  inches  in  length,  and  from  end  down  in  the  spirit,  on  inclining  the 
0.2  to  0.3  inch  in  intanal  diametn ;  instrument,  it  will  rest  on  the  last  nlm, 
the  siphon  frum  the  A  to  the  /,  of  an  and  require  several  smart  concussiona 
inch  in  width,  and  of  a  length  propor-  {^ven  to  the  thennometer,  to  make  it 
tioned  to  the  siie  of  the  b^ ;  the  ii 
dices  about  1  inch  Irog;  theti 
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eiope  into  the  empty  part  of  the  tube. 
PVom  the  position  of  both  tharmometen 
it  is  obvious,  that  to  bring  both  indices 
tb  the  surface  of  the  respective  fluids,  it 
IS  only  necessary  to  incline  the  instru- 
ment  toward  C  ;  and  it  b  thus  prepared 
for  a  fresh  obaerration. 

The  accuracy  ofRutherford's  thermo- 
meters depends  on  the  ease  with  which 
they  are  constructed,  and  the  applica- 
tion of  a  due  correctioii  ftir  the  inequa- 
lities of  expansion  between  them ;  this 
can  be  more  readily  accomplished 
than  with  Six's  thermometer ;  because 
the  indications  of  each  fluid  are  inde- 
pendent of  each  other.  The  discre* 
pancies  between  both  thermometers 
nave  t)een  careRilly  examined  by  De 
Luc,*  and  more  lately  bj;  De  Wildt,  of 
Hanover  ;t  the  results  will  be  (riven  in 
the  sixth  chapter,  &om  which  uie  cor. 
rection  con  be  applied.  Such  a  correc- 
tion win  render  them  applicable  to  the 
nicest  meteoroloeical  observations  of 
naiima  and  minima.  For  more  ordi- 
nary purposes  they  are  very  convenient, 
as  not  being  easily  deranged,  and  being 
adjusted,  for  each  observiuion,  with  ttte 
utmost  fiicilitv. 

9.  Id  the  Trantaetxont  of  the  same 
society,!  we  find  another  register  ther- 
mometer, by  Mr.  Alexander  Keith,  a 
gentleman  of  great  mechanical  inven- 
tion, and  long  an  active  member  of  that 
society.  It  is  represented  in  our/^.  33 ; 
where  a  6  is  a  glass  tube,  14  inches 
long,  and  )  inch  in  calibre,  sealed  at  the 
top,  and  below  communicating  with  a 
bent  tube  b.d,  7  inches  long,  and  0.4 
inches  in  diameter,  open  at  the  top, 
where  it  is  cemented  to  a  metallic  plsle 
«,  which  supports  the  ivory  scale  «,  a, 
Bi  inches  long.  From  a  to  6,  the  tube 
is  filled  with  highlv  rectified  alc<rfiol, 
and  from 6 to  e  with  mercury.  Atcis 
a  oonical  float  of  ivory  or  glus,  restins 
on  the  surface  of  the  quicksilTer,  and 
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supporting  a  kneed  wire  A,  intended  for 
moving  two  indices  of  block  silk  i,  h, 
that  slide  along  the  fine  gold  wire  ^,/, 
as  will  be  readuy  seen  from  the  figmre. 

To  prepwe  the  instrument  for  oltser- 
vatian,  the  indices  are  drawn,  by  mean* 
of  acrooked  wire  prepared  for  the  pur- 
pose, till  they  touch  each  nde  of  the 
Knee  of  the  that  tare.  It  is  obnous 
that,  as  the  neat  alters  the  dimennona 
of  the  column  of  spirit  in  a,  b,  ttie  mer- 
cmr  will  rise  or  All  in  the  small  tube, 
and  the  float  swimming  on  the  sur&oe 
of  the  mercury  will  raise  or  depress  the 
knee  h,  which  will  move  the  indices  a^ 
cordinplj  on  the  wire  g,f.  The  instru- 
ment la  defended  from  wind  or  rain  bf 
the  ^ass  case  I,  I,  which,  by  means  of 
its  metal  collar,  ftts  tight  on  e,  and  ia 
01^  removed  to  adjust  ute  indices. 

"Riia  instrument,  it  ia  troB,  it  mfl*' 
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meal  by  atinosphnic  pressure,  when 
its  cover  Is  removed ;  but  the  efibcts  of 
barometrical  variations  are  scarcely 
a[^edable  exoept  in  an  air  thermo- 
meter ;  vkd  when  made  on  a  lufre 
wale,  is  q)plicBble,  a«  Mr.  Keith 
hu  shown,  to  Ihe  important  purpose  of 
marking  the  periods  of  the  atmospheric 
ciiangM  of  temperature.  This  he  elfect- 
ed  hf  making  the  large  tutw  40  inches 
long,  but  retaining  the  ori«nal  width ; 
while  the  small  tube  is  Increased  in 
diameter,  but  not  in  length.  The  float  c 
is  enlarged,  and  the  float  wire  cairies, 
instead  of  the  knee,  a  soft  pencil,  wtiidi 
is  made  to  press  lightly  agamst  a  hollow 
vertical  cylinder,  7  inches  long  and  S 
in  diameter,  moved  by  clock-work,  once 
round  m  31  days,  Thi<  cylinder  is 
covered  with  smooth  pi^wr,  ruled  lon- 
gitudinally into  31  columns,  to  corre- 
spond to  the  days  of  the  month;  and 
every  column  is  subdivided  into  6  equal 
parts,  each  corresponding  to  4  hours. 
The  i^linder  is  ruled  across  into  100 
divisions,  intended  to  coireipond  to  the 
100°  of  Fahrenheit  marked  on  the  or- 
dinary scale  of  the  instrument,  which  is 
unnecessary  when  the  cylinder  is  applied. 
Thus,  as  the  cylinder  revolves,  the 
point  of  the  pencil  will  trace  a  line  on 
the  paper  more  or  less  deviating  from  a 
horizontal  line,  as  the  mercuiv  rises  and 
talis ;  and  thus  the  paper  will  present  a 
chart  of  the  variations  of  the  thermo- 
meter for  a  whole  month,  the  value  of 
which,  in  degrees  of  Fahrenheit,  will  be 
indicated  by  the  numbers  on  the  margin 
of  the  paper.  Keith  recommends  ttie 
observer  to  have  a  copper  plate  for 
giving  ruled  impressions  on  smooth 
pw«r.  to  be  applied  monthly  to  the 
cyhnda' ;  and  these,  bound  up  together, 
will^rasgnt  tabular  views  of  the  fluc- 
tufttion*  of  the  thermometer  for  every 


month.  It  is  hardly  necessary  to  state 
that  a  similar  contrivance  is  applicaUo 
to  the  indications  of  the  barometer. 

6.  We  are  indebted  to  Mr.  Henry  Home 
Blat:liadder,  for  some  very  ingeniouf 
methods  of  ascertaining  the  tempera- 
ture of  the  air,  at  any  given  hour,  by  a 
subsequent  inspection  of  a  thermo- 
meter.  His  first  invention  resembles 
one  of  Rutherford's  thermometers,  sus- 
pended on  a  pivot  If  a  spirit  ther< 
mometer  be  uiefnied,  it  is  to  ba  hung 
vertically  and  inverted,  to  that  the  index 
may  rest  on  the  last  film  of  the  liquid. 
Suppose  that  we  desire  to  know  the 
temperature  at  S  o'clodt,  a.  u.,  akver 
connected  with  a  clock  is  applied,  so  u 
to  bring  the  thermometer  to  aboriiontal 
position  at  that  hour ;  and,  at  the  stmt 
time,  the  motion  causes  the  bulb  of  the 
thermometer  to  approach  some  source 
of  heat  a  little  higher  than  that  of  the 
air;  as,  for  instance,  a  small  lamp,  by 
which  the  spirit  would  rise  beyond  th« 
now  horizontal  index,  leaving  it  it  the 
point  to  which  the  spirit  had  contracted 
before  the  reclination  of  the  instru- 
ment. When  a  mercurial  thermometer 
is  employed,  the  instrument  is  also  hung 
vertically,  but  with  its  bulb  lowermost; 
and  the  index,  therefore,  resting  on  the 
mercury.  It  is  brought  to  a  boriiontal 
position  by  the  same  means  as  the  other 
thermometer ;  and  then  its  bulb,  com- 
ing into  contact  vrith  a  camel-hair  pen- 
cil, kept  continually  moist  with  water, 
is  cooled  so  as  to  cause  the  mercury  to 
shrink,  and  leave  the  index  at  the  height 
of  the  column  while  the  instrument  wu 
in  Ihe  upright  position. 

By  a  subsequent  improvement  he 
has  contrived  to  dispense  with  the  index 
altogether.  This  modification  is  seen  in 
M.  34,  where  two  thermometers  are 
placed  parallel  on  the  same  piece  of  box 


•ome  mercury.    The  stem  is  puehM  xip 
until  it  just  reaches  the  ball,  to  which  it 
is  cemented  by  colnurtess  varnish. 
When  these  thermometers  are  fn  the 


.  dot  its  stem  is  ground  flat,  andisin.  ....w..  „,_„  u.^nuuiuc..:..  ^.i  m  mo 
j^uced  into  the  neek  of  a  small  ball  at  npright  position,  the  globule  of  merourr 
«;  which,  u  well  ij  the  stem,  contains    ia  « goren  the  ohfioe  of  the  tube ;  Md 
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on  ipirfffaig  th«  hcftt  of  the  hand  lo  d,  diminution  of  temperabira  hu  nnk  a  b 

the  mercury  in  the  stem  Joina  that  in  to  90*.  md  has  produced  a  eootnwtion 

thelwll;  Mid  the  stem  will  remain  filled  of  10*  in  id;  it  is  evident  the  sum  o> 

with  the  mercury  while  the  instrument  both  nnmbm  will  show  the  degree  tt 

is  verticel :  but  when  it  is  brought  into  which  the  common  thermometer  stood  »l 

%  horiiontBl  position  by  the  machinery  the  moment  of  the  chufn  of  pontioii; 

ftbcve  mentiooed,  and  the  bulbs  ap-  which  in  thiscasehu  been  SO*. 

proximated  to  the  pencils  e/,  suspended  Thii  idea  is  moat  ingMuooa,  and  ii 

orer  them  forthat  purpose,  and  supplied  »aid  in  practice  to  work  exceedingly 

with  liquid  throii)^  the  channels  in  well.    Itjaxmiiteatobeuseftilinmeteo- 

them,  the  mercury  in  the  ball  will  leave  rotogiol  mvestigations,  although  not  to 

the  orifice  of  the  stem,  and  that  in  the  complete  ai  Ok  register  thenBomet«r  Ot 

latter  will  descend,  at  represented  in  the  Keitn,  irtiieh  continues  to  note  it*  own 

figure ;  and  its  subsequent  contraction  indications  far  a  whde  month;  while 

is  marked  by  an  inverted  scale ;  which,  that  requires  U>  b«  readjusted  for  each 

with  the  indications  of  the  other  Iher-  observation, 

mometer,  will  enable  us  to  ascertain  7.  We  afaall  conclude  thie  chapter  by 

the  temperatuie  at  the  moDunt  of  the  a  notice  of  another  reKiitwthennoaielaf 

rectinnlion  of  the  instrument.    Thva,  as  invented  by  Dr.  Traill,  and  seen  in  Jig. 

both  initrumcat*  are  equal,  if  the  same  3S.    It  is  a  single  ipiiit  Ihcraioiiuter, 


FSg.  35. 


in  which  a  column  of  mercury  J  of  an  Cbaptbr  IV. 

inch  in  length  is  introduced;  at  each    ,,,_       . .  ,  „,,  .  j  .i  ■ 

end  of  this  column  lies  an  index  of  fine    "Wtr"**^  i/^TTT^'' 


steel  wire,  gilded  by  means  of  a  galvanic 

circuit,   to    prevent   oxidation  in  the  THSsuoMBtsRS  of  this  kind  are   not 

Siiit.    An  inspection  of  the  figure  will  affected  1^  nneral  changes   of  tem- 

ow  how  the  variations  of  bulk  of  the  perature  m  uie  suiroundrng  medium  ' 

spirit  in  the  bulb  will  move  the  column  but  are  ddicate  indicators  of  partial 

of  mercury  ;  and  by  this  the  indices  are  changes  affecting  one    of  their  balls, 

poshed  in  opposite  directions,  but  will  Some  of  the  forms  of  the  sir  ttiCT- 

remain  at  the  lowest  and  highest  points  mometer  described  t^  Van  Helmont, 

to  which  thev  are  driven  by  the  mer-  bear  a  general  rescmbUnce  to  the  in- 

cuiy,    Tlie  diffirence  between  the  two  strument  known  by  the  name  of  differ- 

scaiei  will  be  the  lene[th  of  the  raercu-  ential  Ikennomeler :    bill    they    were 

rial  column.    The  inmces  ire  brought  rudely    constructed,    without   a    fixed 

in   contact  with    the   mercur/    by    a  scale,  and  uDnu«^)tible  of  accuracy, 

msfnet.  or  of  application  to  the  ddieate  inves- 

Tnis  thermometer  has  the  advantage  tigations  required   by  modem  experi- 

of  pving  the  maiima  and  minima  hy  ntental  philoac^il^.    We  are  iodwtad 

the  changes  in  volume  of  a  single  fluid ;  to  the  ingenuity  of  Professor  Leslie  of 

for  the  expansion  of  so  short  a  column  Edinbur^  for   a    perfect    diff^ntial 

of  roercurv  is  quite  inappreciable.    The  thennouuter,    and    its   appliBation  t9 

defect  of  ttiis  construction  is  the  fiability  some  very  important  purposes, 
of  the  mercury  to  separate  by  sudden        In  January  160D,  he  publisbed  ■  de- 


motions of  the  instrument  This  is  sermon  of  a  new  m/grom^tr  and 
least  iikely  to  happen  when  Uie  mercu-  photometer,*  of  which  the  principle  ds> 
rial  c<riumn  is  short  and  the  calibre    pends  on  the  dittbrmee  in  the  rohuu 

)  equal  balls  «f 
ube  bent  in  tbt 
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1  the  calibre  pends  on  the  dittbrenee  in  the  rohinu 

of  the   tube  is  minute ;  find  it  is  to  of  air  contained  ia  two  equal  iMlb  «l 

Admit  of  a  fine  tube  that  gilded  stoel  gjaas,  connected  by  ■  tube  bent  in  tbt 

wire  is  preferred  to  an  index  coated  , 

wilhgkM.  •in«WMB'.Ja«Mi,4«fc»BLia.p.«i. 
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form  of  s  Mbs  U,  when  the  balb  are 
nnequaUr  heated.  This  difitimce  is 
measured  bf  the  motion  of  a  colom^ 
liquid  coDtamed  in  the  bent  tube.  "In 
onlinuy  cases,"  says  Leslie,  "  the  b- 
termediate  liquor  would  continue  star 
boHBiy ;  ibr  the  air  in  both  balls  having 
the  same  temperature,  and,  consequently, 
the  sajne  elasticity,  the  opposil«  pres- 
sures would  exactly  counteract  each 
other :"  but  if  one  bftll  becomes  colder 
than  the  other,  "  it  is  mani&st  that  the 
liquor  would  be  pushed  towards  it  by 
the  superior  elasticity  of  the  air  included 
in  the  other."  Ttils  is  the  principle 
which  siiKgested  to  him  the 

1,  Difirentiai  Thermonieler,  used 
with  so  much  skin  and  ingenuity  in  those 
delicate  invest^cations  on  heat,  with 
which  he  was  occupied  from  the  above 
period,  until  the  publication  of  his  woric 
early  in  1804.  The  difi^rentiAl  thmno- 
metor  in  its  most  usual  form  is  repre- 
toited  in  (Jig.  36,}  where  a,  A,  are  two 


.0 


Fig  36. 


Sual  ^ass  njherules,  connected  by  the 
^e,d,  e,f,  slightly  dilated  just  below 
the  b^  a,  and  at  e,  and  panially  filled 
vritti  a  colom:«d  liquid,  as  represented  in 
ttie  figure.  The  dilatation  below  a,  ii 
intended  as  a  reserroir  of  liquid ;  and 
that  at  e,  for  the  more  easy  adjustment 
oftbeUquor  to  the  commencement  of 
the  scale,  by  passing  bubbles  of  air  from 
one  ball  to  the  other.  The  liquid  re- 
commended by  Leslie,*  after  many 
trials,  is  strong  sulphuric  acid,  tinged 

•  KiptrtiMitiU  Isqairj,  p.  417,  ISM. 


byeannine.  The  scale  be  adaptg,  u 
mUlerimcd,  from  the  freezing  to  the 
boiling  point  of  water;  or  10  degrees  of 
it  are  equal  to  one  of  the  scale  of  Cel- 
sius, 'Die  instrument  is  cemented  to  a 
wooden  foot,  either  immediately,  or  is 
furnished  with  a  sliding  stem  to  adsjpt 
it  to  different  heights.  Each  leg  of  the 
instrument  is  usually  from  3  to  G  inches 
in  length,  and  the  balls  are  from  3  to  4 
inches  apart  The  calibre  of  the  stem 
e,f,  is  from  the  I-90thto  l-6Dthof  an 
inch ;  that  of  the  rest  of  the  syphon  a 
Lttle  larger. 

When  exposed  in  a  room,  or  m  the 
open  air,  the  differential  thermometer 
remains  stjitionary  at  0°,  whtlever  may 
be  the  temperature  of  the  ambient  air ; 
but  if  one  of  its  balls  he  more  healed 
than  the  other,  the  unequal  expanuon 
of  the  included  air  puts  the  coloured 
fluid  in  motion.  In  employing  this  in- 
strument in  experiment  on  the  radia- 
tion of  caloric,  its  priDcipal  use,  the  ball 
a  is  that  to  which  the  heat  is  airbed ; 
or  is,  as  Leslie  calls  it,  the  tentimt  ball ; 
end  the  mounting  of  the  liquid  in  the 
other  stem  indicates  the  mfferenix  of 
elastici^  of  the  air  in  both  oalls,  and 
hence  the  name  of  the  instrument  It 
owes  to  its  insensibili^  to  general 
changes  of  temperature,  its  pecidlar  fit- 
ness for  measuring  the  influence  of  ra- 
diation. 

The  theory  of  the  instrument  sup- 
poses that  fOKT  expand  un^irntlytnth 
equal  ineremenlt  ^  tempervtwe :  this 
is,  perhaps,  not  strictly  true;  yet,  as 
Leslie  remarks,  it  is  so  nearly  correct, 
that,  in  the  limited  range  of  the  instru- 
ment, the  insularity  from  that  cause  ia 
quite  inappreciable. 

It  is  worthy  of  remai^  that,  a  few 
weeks  after  the  publication  of  Mr.  Lea- 
lie'a  "  Inquiiy,"  a  part  of  the  "  Philo- 
sophical iVansactions"  of  London  ap- 
peared, which  contained  a  set  of  enw- 
riments  almost  similar  to  many  of  his, 
and  a  description  of  an  instrument,  in 
principle  precisely  similar  to  his  differ- 


S.  Rtmtfordt  Thermoeoopt 
It  consisted  slso  of  two  horiiontal  balls, 
united  by  a  syphon ;  and  the  only  differ- 
ence from  LesHe's  Uiermomet^  is,  that 
the  scale  is  attached  to  the  txniiontal 
part  of  the  tube  (which  is  the  longest 
portion) ;  and  the  coloured  Uquid  u  a 
bubble  moving  to  and  fro,  wtien  the 
balls  are  unequally  heated,  in  the  hori- 
iontal part  of  the  tube.    Kumford  pro- 
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fesaei  to  have  borrowed  the  idea  of  the    irhkh    no    cement   is  neeetsarv  ;  for 

thermogcopR  ttrcm  Leilie's  hygrometer ;    the  stem  and  both  balls  are  united  by 

but  the  latter  haa  roundlj  charged  him    the  blow-pipe.     These  instruments  are 

with  a  more  direct  plagiarisni  from  the    to  be  either  fixed  perpendicularly  on  a 

dijferential  thertnotaeter ;  to  which  ac-    itand,  or  suspended.    The  liquid  is  con- 

cusation  we  do  not  recollect  that  anv    tained  in  the  lower  ball,  and  the  heat  is 

Batistactorr  answer  haa  been  publisheo.    Bftplied  to  the  upper  one ;  bo  that  the 

The  difibrential  thermometer  has  un-    stem  is  provided  with  a  deicmding  sealt. 

den^e  several  alterations  of  form  •*.,,.  i     m. 

adapt  it  to  particular  purposes  as  an  air       ^-  Letlui.or  iht  rhermomeWus 

thermometer.     One  of  the  most  com-  Hygromater. 

men  U    seen  at  ^.  37,    where    the    When  the  ball  of  the  differential  ther- 

ball  b  is  cemented  to  the  tube,  after    mometer  containing  the  supply  of  co- 

the  introduction  of  ttie  Uquid,  as  in  the    loured  liquid  is  coatedwith  several  folds 

old  air  thermometer,  but  this  form  has    of  tissue  paper,  and  kept  moist  with 

been  rendered  more  elegant  and  con-    distilled  water,  the  instrument  becomes 

venient  by  the  modification  of  Dr.  De    an  Hygrometer ;  for  the  descent  of  the 

Built  of  Baltimore,  (See  _fig.  38,)  in    coloured  liouid  in  the  other  stem  will 

mark  the  lUminution   of  temperature 

caused  by  the  evaporation  of  the  water 

from  the  humid  surface ;  and  as  this 

efiect  is  proportional  to  the  relative  diy- 

ness  of  toe  ambient  air,  it  will  give  an 

indication  of  the  comparative  quantity 

of  water  suspended  in  the  atmosphere, 

at  the  different  times  of  observation,    lu 

_.     most  cases,  two  minutes  are  sufficient  to 

produce  the  full  effect  on  the  instni- 
meat ;  and  the  included  liquid  then  be- 
comes stationary,  until  the  whole  mob- 
ture  IB  exhaled  fi-om  the  ball.  The 
drier  the  ambient  air  is,  the  more 
rapidly  will  the  evaporation  go  on; 
and  the  cold  produced  will  be  greater. 
When  the  air  is  nearly  saturated  with 
moisture,  the  evaporation  goes  on  slow- 
ly ;  the  cold  produced  is  moderate,  be- 
cause  the  ball  regains  a  lai^e  p<ntion 
of  its  lost  heat  from  surroundmg  bodies ; 
and  the  degree  of  refrigeration  of  the 
ball  is  an  index  of  the  dnuess  of  the  air. 
Could  we  ascertain  wito  precision  the 
edacity  of  air  for  moisture,  at  different 
temperatures,  Ihis  hygrometer  would 
likewise  afford  a  measure  of  the  abso- 
lute quantity  of  water  suspended  in  the 
air.  The  most  approved  form  of  the 
instrument,  according  to  Leslie,  is  seen 
in  flg.  39.  The  balls  are  parallel,  and 
bent  from  each  other ;  a  is  covered 
smoothly  with  several  folds  of  tissue 
pajier,  which  is  to  be  kept  continually 
moistened  with  pure  water,  drawn  from 
the  vase  d,  by  the  capillaTy  attraction 
of  a  few  fibres  of  silk.  In  order  to  ob 
viate  any  inequality  from  the  disturbing 
effect  of  light,  the  bail  b  is  formed  of  pale 
blue  glass ;  and  the  papered  ball  is  co- 
vered with  thin  Persian  silk  of  the  same 

I  Should  the  water  become  frozen  on 

Ihe  ball,  this  hygrometer  will  still  act  \ 
for  ev^Ktration  goes  on  from  tbe  but- 
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The  tbenDOmetaric  hTgromettr  u  of 
two  (bnni ;  the  ttationary,  {fyf.  39,j 
and  the ;»rfiiU«,  which  rcseinblea  thein- 
•trument  driioeated  in  (Jtg.  4 1>,  without 
its  glsM  dude.  This  lut  form  is  de- 
foaded  by  a  wooden  oaw  which  Krewi 
OTW  it,  to  fit  it  for  the  pocket 

4.  iMlift  PAotomaier, 
Hu*  eleguit  instrument  is  the  differan* 
tial  thtrmometer,  covered  bj  a  cua  of 
tnnspueal  gUia,  and  having  one  of  iti 
baUa  either  painted  black,  or,  what  ii 
better,  tonata  of  black  glass  enamel. 

The  Statwmary  Photometer  (Jig.  40) 
Fig.Af) 


face  of  ice,  in  proportion  to  the  dry- 
ness of  the  air.  Mr.  Leslie  estimates, 
that  when  the  ball  is  moist,  air,  at  the 
temperature  of  the  bail,  will  take  up 
moiiture  equal  to  the  sixteen  thou- 
•andth  part  of  its  weight,  for  each  de- 
gree of  hia  hygrometer ;  and  as  ice  in 
melting,  requires  l-7th  of  the  caloric 
consumed,  m  converting  water  info  va- 
pour, when  the  papered  ball  is  frozen, 
the  hygrometer  will  »nk  more  than 
when  wet  by  1°  in  7°;  and  hence  in  the 
frozen  state,  we  must  increase  the  value 
of  the  degrees  l-7th:  so  that  each  of 
them  will  correspond  to  an  absorption 
uf  moisture,  equal  lo  one-fourteen  Ihou- 
aandth  part  of  the  weight  of  the  air. 

When  this  hygrometer  stands  at  IS", 
the  air  feels  damp ;  from  30°  to  4U°,  we 
reckon  it  dry ;  from  SO"  lo  60°,  very  dry ; 
and  from  70°  upwards,  we  should  call 
it  intensely  dry.  A  room  will  fed  un- 
comfortable, and  would  probably  be 
unwholesome,  if  the  instrument  in  it' did 
not  reach  30°.*  In  thick  fogs  it  keeps 
almost  at  the  beginning  of  the  scb]& 
In  winter,  in  our  (£mate,  it  ranges  from 
5°  to  15° ;  in  summer  often  from  15°  to 
55°;  and  sometimes  attainstoBOOor  90°, 
The  greatest  degree  of  dryness  ever 
noticM  by  Leshe,  was  at  Paris  in  the 
month  of  September,  when  the  hygro~ 
meter  inchested  \2V>. 


has  both  its  balls  at  the  same  height, 
and  covered  hy  a  spherical  shell  of  the 
most  transparent  dass;  which,  with  the 
annexed  glass  tube,  defend  the  balls 
from  the  disturbing  influence  of  cur- 
rents of  air. 


{M.  41) 
rticai  line. 


u  si  All,  um,  Hd 


in  order  to  admit  a  turned  tube  of 
wood  A,  of  the  same  form  as  its  cover 
a,a,io  screw  on  the  brass  collar  d,  ax 
a  defence  to  the  instrument  when  in  the 
pocket;  and  tor  further  convenience 
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the  socket  u  made  to  unscrew  from  the 
K^  of  the  instramcttt  Tlie  ball,  d,  i« 
oddaek,  or  deen  raddiih-bromi  enameU 
while  0  ii  as  oa^lunDua  as  possible. 
Tht  gndvMltioa,  aod  other  parts  of  the 
(dntameier,  are  on  the  same  scale  and 
isoDstruetion  as  in  the  diiferential  ther- 
mometer. 

Dr.  nwiklin,  and  otben.  bod  re- 
marked the  superior  power  which  dark 
eolours  possmsad  of  absorbing  the  ca- 
loriflc  influence  of  ttie  sun's  rays  ;  and 
Dr.  Watson,  afterwardi  Bishop  of  Llan- 
daff,  had.  in  1773,  observed,  that  when 
a  thermometer,  liaviug  its  ball  black- 
ened, was  exposed  to  the  sun's  li^ht,  it 
rose  10°  higher  than  it  had  previously 
done  in  a  similar  situation,  llie  re- 
searches o(Mr.  Laalie  put  Uiis  fact  in  a 
more  striking  point  of  view,  and  led  to 
the  invention  of  this  instrument 

The  theorjr  of  the  photometer  hangs 
on  the  supposition,  that  the  intensity  of 
light  emitted  bom  any  txxly,  is  always 
nrmortional  to  the  temmrature  excited 
M  Hi  incidence  on  the  blackened  bafl. 
Inia  is  probably  tnu  with  regard  to  the 
wtdecetnpesed  rays  of  the  nin,  in  whidi 
the  calonc  and  the  li^t,  if  difftredt 


kinds  of  matter,  are  intimatehy  blmded ; 
but  there  is  strong  reason  to  suspect,  that 
iisht  emitted  liy  terrestrial  bodies  is  not 
always  proportioned  to  the  concomitant 
temperature.  Thus  the  intense  splen- 
dour of  phosphorus  burning  in  ow- 
gen  gas,  gives  out  far  less  heat  than  the 
comparatively  dull  combustion  of  hy- 
drogen in  ttte  same  gas ;  and  we  hare 
found  this  photometer  often  more  af- 
fteted  by  the  emanations  bom  a  fire  so 
dull,  that  not  a  single  letter  could  be 
discerned  in  a  well-printed  page,  than 
by  the  d^ree  of  daylight,  by  which  we 
could  read  the  same  print  with  plea- 
sure and  facility.  It  is  differeolly  af- 
fected too  by  li^t  of  difi^nt  colours, 
where  Iheir  illuminating  property  ap- 
pears the  same ;  and  the  esperiments  at 
Herschei,  Englefield,  and  others,  show 
that  the  maximum  of  heat  in  the  solar 
twam,  decomposed  by  the  prism,  bjr  no 
means  corresponds  with  the  illumina- 
tion, but  is  even  altogether  beyond  the 
margin  of  the  spectrum.* 

As  a  measure,  however,  of  the  inten- 
sity of  nndccomposed  solar  light,  it  ap- 
pears to  support  the  characler  it  re* 
ceives  from  the  inventor- — "  The  pho- 
tometer," says  he,  "  exhibits  distinctly 
the  progress  of  illumination  from  the 
morning's  dawn  to  the  full  vigour  of 
noon,  and  thence  its  gradual  decline 
till  evening  spreads  her  solier  mantl& 
It  marks  the  growth  of  light  from  the 
winter  solstica  to  the  height  of  sum- 
mer, and  its  subsequent  decay  throuf^ 
the  dusky  shades  of  autumn :  and 
also  enables  us  to  compere,  with  nu- 
meriral  accuracy,  the  brightness  of 
different  oountnes— the  brilliant  sky 
of  Italy,  for  instanoe,  with  the  mur]^ 
air  of  Holland." 

"nie  direct  impression  of  the  sun's 
rays  at  noon,  about  the  summer  sol- 
stace,  in  this  country,  equals  from  <)0^ 
to  100°  of  this  instrument ;  and  at  mid- 
winter, the  force  of  the  solar  beams  is 
from  2S°  (0  28°.  The  indirect  light, 
from  a  summer's  sky,  at  noon,  ii  from 
30°  to  40°;  in  winta:,  it  is  from  10°  to 
li°.  In  the  most  ^oomy  weather,  in 
summer,  the  pholometra- rarely  indicates 
less  than  lO'atnooa;  but  in  winter  it 
sometimes  barely  exceeds  a  single  de- 
grfe. 

'Cbt  observations  on  the  light  of  day 
with  this  instrument  ^ould  always  b« 
nadem  the  open  air;  and  Uie  direct 
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efiM  of  the  son's  ra^  ooticed,  u  well 
u  the  iiuiirect  reflection  from  the  sky. 

9.  Pyroteope. 
When  one  ball  oT  the  differentud  ther- 
mometo'  is  anutothly  covered  with  thick 
silver  leaf,  or  inclosed  in  apolished  sphen 
of  silver,  and  the  other  ball  is  naked, 
it  forms  Vtiitpynteope  s  an  instrument 
intended  by  rt*  inventor,  Mr.  Leslie,  to 
measure  Dk  intensity  of  heat  radiating 
from  »  Are  into  a  room,  or  the  frigorific 
influence  from  a  cold  body.  A  figure 
is  imnecessuy,  as  the  instrument  is 
usuaUy  made  either  like  the  differential 
thermometer,  like  that  represented  in 
(/if.  37,}  or  the  hygrometer,  (y^.  39.) 
^e  theory  of  its  construction  and 
Bpfdication  is,  that  all  the  rays  inci- 
dent on  the  metaHie  eurface,  are  re- 
turned 6vm  it ;  nhile  those  that  readi 
the  transparent  ball  expand  the  air 
vrithin  it,  and  depress  the  coloured  li- 
quid in  the  stenL  In  tins  vrayihe  com- 
pirative  r«diition  from  Tuious  bodies 
may  be  ucotained ;  and  it  it  so  d<Jicat« 
■Dmstrument,  that  in  &  warm  room  it 
will  be  viubly  afiteted  by  a  }»tcher  tX 
cold   WKter,  at  the  distaoce  of  a  few 

6.  Tbe^lAribfcope  of  Le^U  is  bbd- 
ther  modificatian  of  thedifi^entialtber- 
momrier  wtuch  we  shall  here  notice. 
One  of  its  most  usual  forms  is  given  in 
Af.42;  andiswhatthe  inventor  calls  the 
PmdaiUMthTioKODe.  Theball  oofthe 
thermometer  is  inclosed  wiUim  a  bran 
tf^aiett,d,d,  without  touching  it;  and 
for  the  conTenknce  of  a^ustmen^  Ifaia 
anhere  may  be  untcmred  m  tbe  middl& 
inw  other  t>all,  6,  which  is  about  one  half 
the  diamder  of  the  first,  is  in  the  centre 
of  an  oblong  robenndsl  cup,  e,  c,  which 
mar  be  covaredt^  a  top  that  fits  on  at 
/,/.  Tbe  coloured  liquid  in  the  stem 
IS  supported  by  capillary  attraction  in 
the  dusted  extremity  of  tne  tube,  where 
it  joins  the  ball  a.  The  brass  work  is 
highly  poli^ied,  and  the  inside  of  the 
^mermdal  cup  is  well  gilL* 

This  yoy  elegant  instrument  ii  in- 
tended, in  the  language  of  Mr.  Leslie, 
"  to  indicate  the  eMpiUtet  emsnating 
from  the  sky ;"  or,  in  otbo:  words,  to 
{jive  a  comparative  idea  of  the  radia- 
tion proceeding  fr-om  the  surface  of  the 
earth  toward  tne  nffoa  of  popetual 
congelation  in  the    '        '  "" 


otheradventitiouisoiiroes  of  beat;  and 
when  the  ball  b  is  cooded  by  radiatioD 
toward  the  heavens,  the  air  withn  it 
contracts,  and  the  elaaticiQr  of  that 
within  a,  fbrcea  op  the  liquid  in  the 
■tern,  the  b^it  of  wtuch  maria  the  in< 
tenuty  of  the  radiation. 

When  the  cover  is  on,  the  liquid  re- 
mains at  D°;  but  wbesi  it  is  removed, 
and  the  instrament  presented  to  a  clear 
sky,  either  by  night  or  loy  d^,  it  in- 
stantly begins  to  rise,  and  continues 
to  mount  until  the  ball  b  has  sustained 
the  greatest  diminution  of  tempctatnre, 
which  radiation  at  that  time  can  ino- 
duce.t 

The  circumstances  winch  bvour  ra- 
diation from  the  surface  of  the  earth  to- 
ward the  sky,  namely,  a  dear  and  oabn 
atmosphere,  are  aihnirably  pointed  oat 
by  Dr.  Wells,  in  his  ezcdUnt  Essay  on 
Dew:  sod  thisir  ■  '  " 
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Tihuble  indicator  of  the  ttate  of  the  guter  hygrometer.    A  double  scale  ties 

sir  favourable  to  the  depontion  of  that  along  the  horizontal  part  of  the  instru- 

interestinf;  meteor.    Such  is  its  extreme  ment.     When  the  indicei  are  adjusted 

delicMT, that,  when  rising,  its  profrrets  fora&eshobservation,  theyarebrought 

is  cbecked-t)y  the  smallest  cloua  suling  by  a  magnet  to  each  extremity  of  tne 

overit^  andit  maybekept  inastate  of  little  coliunn  of  mercuiy.* 

orallation,  t>v  bcine  altcnutely  stretched 

beyond  the  edge  oTaparaaol,  and  drawn  Chapter  V 

^dun  its  shade,  ifhen  the  aky  is  dear  Qf  tome  jMmiiar  AppltcationM  of  Ot 


Besides  the  fbmis  given  above,  Leslie 
describes  two  othov,  the  Standard  and  Thkkk  are  a  few  appUcations  of  the 
the  Seetorud.  The  first  has  the  stem  thermometer  to  certua  useful  pur- 
bent  up  as  in  the  hrgrometer,  and  one  poies,  which  ought  to  find  a  place  in 
of  the  nails  eoverea  with  silver  leaf  or  the  history  of  the  instrument ;  1  allude 
dlt,  near  the  side  of  the  cup  c,  c,  with  particularly  to  the  Statical 'niermometer 
the  naked  ball  in  the  centre,  as  the  of  Dr.  Cumming,  the  Balance  Thermo- 
balls  a,  b,  in  A.  The  second  has  the  meter  of  Mr.  Kewl^,  the  Hvgrometri- 
cgp,  e,  e,  formed  with  a  notch  in  its  cal  Instrument  of  Mr.  Daniell,  and  the 
bottom,  for  adnutting  a  partial  vertical  Barometrical  'Diermometer  of  Mr. 
motion  round  the  ball  b.     The  motion    Wollaston. 

is  given  t>y  means  of  a  toothed  sector  1 .  He  Statical  Thermometer  of  Dr. 
and  pinion ;  from  which  the  name  is  Cumming,  now  of  Chester,  was  con- 
derived.  This  form  is  ^plicable  to  trived  bv  that  gentleman,  in  1808,  and 
ascertain  tbe  radiation  from  the  earth,  inteodea  t>y  him  as  a  mode  oF  opening 
when  we  ascend  a  mountain,  or  rise  in  and  closbg  windows  and  ventilators  in 
•  bdloon.  apartments,  by  the  variations  in  tempe- 

7.  The  differential  hygrometer  and  rature  of  tiie  included  air.  This  uie- 
phtrtometer  would  have  come  into  nious  application  of  statical  principles 
more  general  use  hadtheyindicatedthe  was  shown  to  numerous  friends  at  dif- 
maximum  and  minimum  between  any  ferent  times,  in  his  residence  at  Den- 
two  times  of  observation.  In  their  pre-  bigh,  and  was  afterwards,  for  a  eonu- 
tent  construction  (hey  only  show  the  derable  time,  exhibited  in  the  Denhish 
state  of  the  atmosphere  at  the  moment  Dispensary.  The  general  form  of  the 
of  observation,  and,  therefore,  require  instrument  is  represented  in  ftg.  44, 
an  attention  wliich  few  have  leisure  or  where  a  A  is  a  glass  matrass,  or  a  ball 
inclination  to  bestow  on  meteorolo-  and  tube  of  iron ;  the  globular  termi- 
gical  obeervatiuna.  To  render  them  nation  of  which  is  capable  ofcontaining 
more  extoisively  useful  the  fbUowing  four  or  five  pints  of  air,  and  the  tub« 
alteration  is  suggested,  by  which  they  is  atwut  twenty-five  inches  in  length, 
are  brought  nearly  to  the  thermoacope  and  from  one  to  two  inches  in  diame^ 
of  RumSrd  in  form.  The  tubes  eon-  ter.  A  portion  of  the  tube  is  filled 
nectmg  the  balls  have  the  -uiwiBht  part  with  mercurv ;  and  in  this  state  it  is 
oftheir  stems  shtHtened,  and  the  hori-  inveried,  and  its  extremity  plunged  in 
■ontal  part  extended  :  instead  of  a  co-  a  cylindrical  jar  for  contaiuing  the  same 
loured  fluid  filling  the  stems,  there  is  a  fluid.  The  ball  is  covered  by  a  net  of 
short  column  of  mercury  introduced  strong  cord,  or  of  wire,  which  forms  a 
into  the  horizontal  part  of  the  stem  ;  rins;  atthetop.fbr  thesuspension  ofthe 
themolionofwhich.towardseitherhall,  ball  and  tube.  From  this  ring  passes  a 
carries  before  it  a  piece  of  steel  wire,  cord  over  the  puUey,  d;  and  it  may 
which  constitutes  the  index  of  maximum  either  pass  upward  under  the  pulley,*, 
piid  of  minimum  change  during  the  to  be  attache  to  the  fi^me  of  a  swing 
ftlisence  of  the  observer.  This  con-  window,  as  shown  at  j;  or  downwards 
atnietion  will  be  readily  understood  irom  over  the  pulley/,  to  be  fixed  to  the  ven- 
the  figure  43,  which  represents  the  re-    tilafor  A.    Wtien  the  heat  of  the  apart- 


rif.u. 


9. ? 


ment  expands  tbe  air  in  (he  ball,  it  de- 
presses the  mercurial  column  in  the 
tube,  b ;  by  which  the  whole  instrument 

•  Tliii  iiitinmnt  utt  nlker  ilnrlT.  ud  I^ 
KotigDOf  t)ieisdien1>B0Cqiul«iiiiiaIhi  bnl  it  ip- 
ftn  urcUa  li  npjiljUE  ft  dtHdintuD  ia  sw- 
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becomei  as  much  lighter  m  the  weig-ht 
of  the  mercury  expdled  &om  the  tube. 


in  the  rise  or  fall  oi  the  mercutj  ii 
equivalent  to  a  moviiq;  pown  of  about 
one  pound.  It  a  liable  to  b*  iligtitlj 
alteicd  also  by  changee  in  abnosphe- 
licprMiure. 

Dr.  Cumming»'t  attention  was  dnwn 
to  the  importance  of  regulated  tem- 
perature in  the  treatment  of  diKiM, 
whether  in  publio  inititutioni  or  in 
private  practice,  and  the  ooQtnvuice 
above  noticed  was  the  method  by  which 
he  endeavoured  to  obtain  thii  importut 
object:  but  he  soon  perceived  that  tha 
principle  was  applicable  to  variout  mete- 
orological purposes ;  and  the  initrument 
hu,  in  hit  nands,  unde^^one  successive 
modifications  and  improvements,  until 
it  has  become  the  basis  of  a  thermo- 
meter, h;gToraet«r,  and  photometer, 
capable  of  registering  their  own  ioili- 
oations,  by  the  aid  of  clock-work,  at  any 
given  time.  Detail*  of  these  i^flbrent 
contrivancet  would  lead  u*  into  too 
Fig.  ii. 


and  the  weixht  at  the  top  of  the  win- 
dow, or  of  the  ventilator,  opens  these 
apertures  which  were  kept  snut  by  the 
weight  of  the  statical  tube  and  hail. 
On  the  other  huid,  when  the  cooling 
ol  the  air  in  the  chamber  causes  the 
contraction  of  the  air  induded  in  the 
ball,  the  pressum  i  (  the  atmosphere 
forces  the  mercury  irlo  the  tube,  which 
thus  ttecomes  so  mu<Ui  heavier  ;  end  as 
:t  descends,  it  drags  with  it  the  window 
frame,  or  ventilator,  attached  to  it. 

This  simple  and  very  ingenious  con- 
trivance IS  applicable  to  hot-houses, 
rooms,  and  ^artments  of  every  d»> 
•eription,  that  are  liable  to  consider- 
able changes  of  temperature;  and  it 
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iride  ft  fidd ;  but  it  m&y  be  proper  to 
ftate,  ttMt  flniihed  drawings  of  them  nil 
hive  l>een  in  the  possession  of  a  dia- 
linguished  member  of  the  Meteorolo- 
ipMl  Sociify  of  LondoD  for  upwards  of 
four  yetn.  The  principle  of  Ihem  will 
b«  readily  uDdentood  from  the  pre- 
oeding;figure,(/^.49,)in  whicharepre- 
Mnti  an  air  thermometer ;  b  a  barometer, 
•uspended  from  the  opposite  side  of  the 
whe«l0cto  compensate  the  infiuence  of 
variations  in  atmospheric  pressure  on  the 
instrument;  dd  is  a  liphon-eistaii,  in 
both  ndes  of  which  the  mercury  will 
always  remain  on  tho  same  level ;  /  is 
an  index,  to  which  a  pencil  may  t>e 
flxad,  for  tracing  the  variations  of  the 
mstmment  on  a  plate  revolving  by 
means  of  dock-work. 


The  portions  of  the  tubes  which  liip 
into  the  mercuiy  should  be  of  equal 
■ubstance ;  and  the  tube  of  the  air- 
thermometer  should  be  a  cylinder  csl- 
pable  of  containing  twice  as  much  mer 
eury  aa  the  corresponding  portion  of  the 
barometer  which  countopoises  it  A 
small  correction  may  be  required  for  the 
vaiying  immerdon  of  the  tubes,  pro- 
duMd  by  the  oscillations  of  the  instru- 
ment This  must  be  determined  liy  ex- 
periment, and  allowed  for  in  the  gra- 
duation of  the  scale. 

2.  The  Balmee  Thermometer  of  Mr. 
Kewley  is  a  contrivance  for  a  similar 
pm^se,  and  is  represented  in  fig, 
46,  A. 

This  instrument  is  the  subject  of  a 
patent,  the  date  of  which  is  JSIE.  It 
46. 


eonrists  of  atub«  of  glass,  b,  a,  closed 
at  c,  and  terminating  at  «  in  a  ball, 
which  communicates  with  anotho*  tub« 
of  smaller  diameter,  which  also  termi- 
nates in  a  ball  at  d,  having  a.  oommuni- 
calinn  with. the  external  air  at/  The 
tube  a,  a,  and  one  half  of  the  ball,  «, 
are  filled  with  spirit,  or  any  light  easily 
expansible  fluid.  The  other  tube,  from 
e  \o  d,  a  filled  with  mereuiy.  "nie 
whole  is  suspended  in  the  iron  frame, 
h,  t,  h,  m,  B,  by  means  of  two  clamping 
nieces,  which  are  adjusted  to  the  tutwa 
l^  the  screws,  o,  o.  The  centre  of  gra- 
vity is  suitably  adjusted  by  means  of 
the  milled  nut,  gunk  in  the  transverse 
part  of  the  frame,  and  receiving  the 
screw,  t ;  in  order  that  the  whde  may 
librat*  on  the  knife  edges,  m,  n,  des- 
tined to  t«st  on  sorfacca  resembling  the 
■uspension  frame  of  a  common  balance. 
A  brass  scale,  p,  is  moved  by  the  nut,  *• 
onthearborof  which  is  apinionpl^ng 
in  the  U«lh  of  the  plate,  p. 
It  is  obvivui,  taat  by  a^fuiting  Iba 


mercuiy  in  each  arm  of  this  balance,  it 
will  be  in  aquilibrio;  but  when  the 
spirit  in  a  is  expanded  by  heat,  it  will 
force  some  more  of  the  mercury  into 
the  ball,  d,  and  that  arm  of  the  instru- 
ment wifl  preponderate;  when  it  again 
contracts,  the  atmospheric  pressure  will 
cause  the  mercury  to  resume  its  original 
situation. 

The  instrument  may  be  used  as  a 
thermometer,  by  ascertaining  at  what 
temperature  it  is  in  equihbrio,  and 
when  either  end  preponderates,  finiling 
how  much  is  necessary  to  restore  the 
balance  by  the  motion  of  the  brass 
plate,  p ;  but  iu  chief  value  arises  Irom 
its  applicability  to  shut  and  open  doors 
or  wmdows,  according  to  the  tempera- 
ture of  the  apartment ;  in  which  case, 
a  lever,  or  tooth-wheel,  is  fined  on 
one  of  its  centres  of  oscillation.  It  is 
almost  needless  to  remark,  that  the 
whole  may  be  constructed  of  iron,  and 
of  any  convenient  aiie.  In  point  of 
aimpUcity  and  cbeapneis.  howner,  it  is 
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inferior  to  that  proposed  b^  Dr.  Cum- 
tning,  which  preceded  it  in  date  ;  al- 
thouf^  until  now  no  detailed  account  of 
that  invention  has  been  published. 

3.  The  Barometrical  Thermometer  of 
the  Rev.  F.  WoUaston  is  seen  in  ;^. 
47,  A.     It  is  a  tlKnnometer  with  a 

Fig.  47. 


i 


larsfe  bulb,  devised  for  the  measurement 
of  altitudes,  by  observing  the  tempera- 
lure  at  vhieh  liquids  b^  on  di^rent 
elevations ;  *     on    the    principle    first 

Kinted  out  by  Fahrenlieit,t  that  the 
UinfT  of  a  fluid  varies  with  the  pres- 
sure of  the  atmosphere.  Cavallo  first 
applied  this  principle  to  the  measure- 
ment of  heiriits,t  and  the  instrument 
proposed  t>y  Mr.  WoUaston  is  intended 
to  facilitate  this  method. 

The  bulb  of  the  mercurial  thermome- 
ter he  proposed  1o  use,  is  one  inch  in  dia- 
meter, with  a  dilatation  A,  as  seen  in  B, 
and  ending  ina  capillar  tube,  five  inches 
long,  whicn  is  not  closed  in  the  usual 

•  no.  Tnu.  far  UlT- 
t  nU.  Tlu*.  tbL  iiiU, 
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manner,  but,  after  being  broken  off 
smoothly,  is  sealed  bv  a  little  cap  of 
^lass,  as  at  t,  t.  Tne  scale  is  4.IS 
mches  lone,  divided  into  100  parts,  and 
may  be  subdivided  by  a  vernier  into  1 000 
parts  ;  giving  241  parts  to  each  inch  of 
the  scale ;  and  to  facilitate  observation, 
these  are  read  offby  a  small  lens  jointed 
to  the  index,  but  not  represented  in  out 
figure.  The  index  is  moved  by  a  mi- 
crometer screw,  d.  Hie  thermometer  it 
Bupp<»ted  by  mean*  of  stuffing  between 
two  circular  plates  of  metal,  e,c,throu^ 
which  it  passes,  and  vrhicbare  tighter^ 
by  screwmg  them  together.  Th^  fona 
a  metallic  collar,  that  may  be  screwed 
by  either  end  into  the  top  of  the  copper 
boiler./,  g,  which  becomes  the  case  of 
the  thermometer  on  inverting  it;  and 
then  the  bulb  is  protected  by  a  copper 
cap  C,  which  also  serves  as  a  measure 
of  the  due  (Quantity  of  water  to  be  used 
in  the  expenment  The  portion  of  the 
ct^per  tube  below  the  bottom,  g,  of  the 
boiler,  is  capable  of  holding  the  lamp,  e 
which  is  attached  to  it  by  two  sliding 
wires.  Thus  the  instrument  become* 
very  portable.  The  boiler  is  S.5  inches 
deep  and  1.2  in  diameter,  with  an  aper- 
ture at  the  top  to  permit  the  escape  of 
the  steam,  by  whicn  the  heat  is  applied 
to  the  bulb 

When  we  have  to  determine  an  alti- 
tude, the  boiling  point  is  noted  at  the 
bottom  of  the  eminence,  and  aeain  when 
we  have  ascended ;  and  the  vdue  of  the 
difference  between  those  points  on  the 
scale  having  been  ascertained  by  expe- 
riment, we  can  estimate  the  hei^t 
ascended,  provided  no  change  has,  in  the 
mean  time,  taken  place  in  the  barome- 
trical pressure ;  or  these  points  may  be 
simultaneously  found  by  two  observers. 
The  only  correction  required  is,  for  the 
specific  gravity  of  air  at  different  tem- 
peratures, which  maybe  found  by  Qe- 
noal  Roy's  fables.  The  use  of  the  di- 
latation, A,  is  to  receive  the  expanded 
mercury,  liefore  it  arrives  at  theboihng 
point :  and  the  small  cap,  t,  t,  is  intend^ 
to  receive  a  globule  of  mercuiy,  to  be 
detached  occasionally  &vm  the 'column 
in  the  stem,  when  it  is  wished  to  alter 
the  range  of  the  scale  to  suit  various 
altitudes.  The  method  of  separating 
this  globule  is,  to  devate  the  mercury, 
by  heating  the  bulb  until  the  thread  of 
metal  may  be  shaken  over  the  flat  end 
of  the  capillary  tube ;  and  when  we  wish 
to  join  the  globule  again  to  the  thread, 
the  two  portions  of  mercuiy  are  Ivou^ 
into  cootaetl^  beat,  andtunutbaiii- 
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:,  beld  in  the  vertical  position, 
eooLi,  the  ^bule  will  fbllow  Uie  thread 
into  Uie  item. 

This  instrument  is  of  great  delicacy ; 
beine  capable  of  riiowing  &  difi^nce 
of  utitude  of  not  more  than  three  feet ; 
but,  unfortunately,  althourii  not  very 
bulky,  it  is  not  very  portable,  &om  the 
liability  of  the  item  to  be  broken  by  the 
weij^ht  of  the  bulb,  even  firom  the  usual 
johinf;  oF  a  carriage ;  an  accident  which 
happened  thiice  to  the  writer  of  this, 
within  one  month,  ftem  this  cir- 
eumstanee,  and  its  price,  it  is  not  likely 
to  supersede  tiie  barometer  in  geological 
surv^s. 

4.  M.  Le  Roi  was  the  fint  who  sug- 
geated  the  temperature  at  which  dew 
begins  to  be  dqtosited  as  a  method  of 
ascertaining  the  moisture  of  the  air. 
De  Luc  has  the  merit  of  having  proved 
that  the  quantity  and  force  of  vapour  in 
a  vacuum  of  any  ^ven  dimensions,  are 
equal  to  its  force  and  quantify,  in  an 
equal  volume  of  lur,  at  the  same  tem- 
perature  ;  or  thai  ttie  force  and  quantity 
of  vapour  in  the  air  are  depoidant  on 
its  temperatnre.'  This  was  confirmed 
by  Mr.  J.  Dalton.-^  who  investigated 
the  force  of  vapour,  at  every  tempers' 
hire,  from  0'  to  above  212°  Fahren- 
heit, and  expressed  this  force  by  the 
bei^  of  the  mercurial  column,  which 
it  could  support  in  a  Torricelliun 
tube.  These  results  are  ^ven  in  a  ta- 
bular form,  and  are  thus  easily  applied 
lo  hygrometric  purposes.  Dalton  finds 
thei^pom^  hkeLe  Roi,  by  pouring 
cold  water  into  a  glass,  and  marking  the 
temperature  at  H^ich  it  just  ceases  to 
cause  the  deposition  of  dew  on  the  skies 
of  the  glass,  in  the  open  air.  This  ii 
Hie  point  at  which,  in  an  sir  of  that 
temperature,  dew  would  just  begin  to  be 
fbrmed.  From  this  fact  he  is  able  to 
infer,  not  onl^  the  force  exerted  by  the 
vapour,  but  its  quantity  in  a  peipendi- 
cular  column  of  the  whde  atmosphere, 
and  the  force  of  evaporation  at  thetiiM 
of  observation. 

Thus,  if  the  dew  point  be  4S°,  the 
force  of  vapour  in  DBlton'stabte=  0.310 
of  an  inch  of  the  mercurial  column,  or 
the  one-ninety  fifth  of  the  whole  abooa- 
pheric  pressure ;  or,  if  the  specific  gra- 
tify of  steam  be  0.70,  the  weight  of 
the  steam  or  vapour  m  a  given  volume 
of  air  will  be  the  onehundradandtlurfy- 
■ixthpartofthewhde.  Now,  aa  the  force 
of  4  wfiolt  atmo^Aen  qfil^am,  at  the 


tarfaet  of  the  earth,  would  be  the  w^ht 
of  a  perpaidicnlar  column  of  it,  and  as 
in  a  mixed  atmosphere  of  steam  and  air, 
the  force  exerted  by  each  is  as  their  re- 
lative weights,  it  follows,  that  when  the 
dew  point  is  4S°,1he  whole  superincum- 
bent column  of  vapour  in  the  atmosphere, 
being  equal  to  the  one-ninefy-flfth  of 
the  whole  atmospheric  pressure,  will  b« 
equivalent  to  a  pressure  of  4.30  inches 
of  water ;  or  the  vapour,  if  condensed, 
would  affi>rd  that  depth  of  water.  From 
these  data,  Dallon  nas  shown  how  we 
can  find  the  force  of  evaporation  at  a 
given  time :  for  the  quantity  of  water 
evaporated  from  a  given  surface  is 
proportional  to  the  maximum  force  of 
vapour  at  the  temperature  of  that  sur- 
face ;  it  being  understood  that  the  va- 
pour is  atiil  in  contact  with  a  surface  of 
water.  Hence,  if  we  have  the  dew  point 
45°,  while  the  temperature  of  the  air 
is  50°,  by  subtracting  Ihe  force  of  va- 
pour at  49°  from  that  of  SO",  we  shall 
obtain  the  force  of  the  evaporation  at 
that  time— thus,  .375— .31G—.0J9,  the 
force  of  evaporation. 

S.  It  is  on  this  prindple  that  DaraelTt 
Hygnmeter  is  constructed ;  the  inven- 
tion of  a  ^tleman  distinguished  for 
his  meritorious  labours  in  meteorology. 
It  was  published  in  1S20,  along  with  a 
meteorological  table,  and  seems  to  have 
been  suggested  by  Ihe  cryophorus  of 
Wollaston.  t  The  form  of  Uie  instru- 
ment is  seen,  as  last  improved  by  Mr. 
Daniell,  in  lj!g.  46.)  Ilie  ball  a  u  of 
Fig.4B. 
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bluk  glass,  about  one  uid  &  quarter  Fig.  4ft. 

inch  in  diameter,  and  u  connected  with 
a  balE  d  of  the  aame  lize,  by  a  bent  tube 
oiie-eighth  of  an  inch  in  diameter.  A 
portion  of  sulphuric  ether,  sufficient  to 
m  three-foiirfhs  of  the  baU  a,  is  intro- 
duced; asmall  mercurialthemicnneter, 
with  B  pyriform  bulb,  is  fliced  in  the 
limb  a  6,  the  atmospheric  air  is  ex- 
pelled as  eompletel;  as  possible ;  and 
the  whole  is  sealed  at  e.  The  ball  rf  ia 
covered  with  muslin ;  the  whole  is  sup- 
ported on  a  brass  stand  f,g,  on  which 
IS  another  delicate  mercurial  thermo- 
meter. The  tube  can  be  removed  trom 
the  sprine  tube  A ;  ard  the  whole,  to- 
gether v'Sh  a  phial  of  octher,  packed 
neatly  b  a  box,  that  goes  easily  into  the 
pocket.  The  methodin  which  the  dew 
point  is  indicated  by  this  instrument,  it 
as  follows : — Tlie  cether  is  all  bronght 
into  the  ball  a,  by  inclininjt  the  tube; 
the  tiaUs  are  placed  perpendicularly ; 
the  temperature  of  the  ambient  air  ia 
now  noted;  sther  is  poured  from  a 
drop]>in£  tube  Ihat  fits  the  mouth  of 
the  BmaD  phial,  on  the  muslin  cover  of 
4^ ;  and,  Uie  cold  produced  by  its  eva- 
poration, causing  a  condenKation  of  the 
elastic  ethereal  vapour  within  the  ball, 
produces  a  rapid  evaporaHon  from  a, 

by  which  the  temperalure  of  the  ther-  ^ate  mercurial  thennom«ter,  wift  (tf 
momeier  m  it  smks  ;  and  when  the  tube  at  a,  b,  bent  to  as  to  bring  its  cy- 
black  ball  is  thus  cooled  to  the  dew  lindrfcal  ball  c.  parallel  with,  and  at  ft 
point,  a  film  of  condensed  vapour,  like  jittJe  distance  from,  its  stem.  The  bulb 
a  ring,  surrounds  the  balL  If  the  ther-  jj  ^ng  inch  ionr_  ^nd  is  termmated  fcni 
inometer  be  at  that  instant  noticed,  we  »  flattened  aurfac«  d,  of  tUpk  gtasi, 
obtain  the  true  dew  pomt  of  air  at  the  „hich  projects  a  UtUe  beyond  the  side^ 
temperature  mdicated  by  the  other  ther-  of  the  bulb.  The  bulb  below  the 
™w?*'^;  flattened  aurfaoe  is  covered  with  black 

The  observation  u  made  m  a  very  sUk.  -Rie  instrument  ia  supported  on 
short  penod;  and  much  of  the  labour  the  wire  •/,  which  is  attached  to  the 
required  in  the  method  of  Le  Koi  is  ^cale  by  a  pivot,  that  allows  the  black 
saved.  There  seems  but  one  oljection  surface  to  be  inclined  to  the  li(;ht,  and 
to  thw  very  ineeraous  msbnameat,  and  the  whole,  with  a  phial  of  eether,  «« 
It  IS  one,  which,  even  with  much  prac-  contained  in  a  small  case.  • 
tice,  is  not  easdy  obviated.  The  surface  Wbeu  used,  the  temperature  of  the 
on  which  the  dew  condenses,  is  small,  ^  js  first  noted ;  then  ather  is  poured 
and  requires  a  peculiar  light  to  be  well  (,„  the  silk  cover  of  the  bulb ;  and  the 
seen ;  while  the  attention  of  the  ob-  coodensation  of  the  dew  is  seen  on  the 
server,  distracted  between  the  close  in-  bkck  extremity  of  the  bulb, 
sptction  of  the  surface  of  the  black  ball,  jhe  difficulty  ot  marking  the  indment 
and  the  included  thermometer,  is  not  condensation  on  these  inafruments  ia 
always  able  to  fix  with  absolute  preci-  (j,e  same ;  and  it  has  produced  varioui 
sion  the  dew  point.  modificationi  of  the  instrument. 

6.  Tins  mstrument  has  been  modified       ;_  jj^  Gumming,  of  Chester,  finds  that 
>»  the  dew  point  is  most  conspicuously 

Afr.  Thoi.  Jonet'i  Hygnmeier ;  shown,  by  inclosing  the  bulb  of  a  deli- 
an  instrument  on  exacQy  the  same  cate  thermometer,  covered  by  a  «ponge. 
principle  as  the  ongmal  mvention  of  in  atube  otplanishedtinned  nron,  silver, 
Daniell,  but  simpler  in   conabTicUoa,    or  plalina.    When  the  apooxa  ia  moiat- 

more  compact,  aod  leas  expeasiv&     It    

ia  seen  mj^.49,  consisting  of  a  deii-  >•['lld,Tr>u.^l>Ilslt,fwlU.^» 
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«»td  vith  uy  voy  en{tor«bl9  fluid, 
■uoh  u  alber  or  Rloohol,  and  a  itrcuii 
of  ur  Uuwn  through  the  tube,  a  more 
rapid  luul  inort;  oonspHiuoiii  dapoiition 
of  itevr  takes  plsce  on  llie  surface  of  the 
meUUHi  tube,  than  we  ever  recoUect  ta 
have  observed  ia  linular  experimenta. 

Kg.  SO  is  Dr.  Cumming"a  liygroiBetBr 
fitteii  to  a  portable  atr-synoKS,  by  which 
a  eurreni  of  air  it  produced  through 
the  tube  BB.  Th«  bulb  of  the  d«lioat8 
Ihermonieter  within  it  is  (urrounded 
with  fine  sponge,  to  retain  the  evapo- 
ratile  fluid  i  the  tube  B  B  is  of  higlily 
polished  imttl,  vWb  an  apwiure  in  its 
upper  fMUt  eoverad  with  «  glu*  tube, 
foi'  the  inipeotion  of  th*  Ihanwmeter, 
aa  reprvented  in  the  flgun. 


Chaptix  VL 
On  l/tt  Impmifteaoit*  vnmon  la  all 


J.  Tni  terras  t/termomettr  and  mwo- 
mefer  ml^  lead  to  Ihe  auppa^os, 
that  the  initruiMBts  m  deeip^ued  rnrc 
•Btital  bdiMtgn  of  tha  q^cauHitj  «r  m- 


lone  oontuiwd  in  tfaoM  bodiw  to  wbich 
they  are  applied;  but  a  tingle  expvri- 
ment  is  sufficient  to  show  that  this  view 
is  erroneous.  If  we  plaee  equal  quaic 
titiea  of  water  and  of  tnon,  both  at 
temperature  33°,  in  a  rooai  at  GD°,  the 
temperature  of  the  water  will,  as  indi- 
cated by  the  tbermoioeter,  ^er  >oaw 
time,  rise  consideFably  ;  but  the  eOect 
ot  th«  h«at  on  the  tee  will  oa]y  be  to 
melt  it  partially,  while  its  temperature 
remains  »teai:%  at  32*.  Here  we  have 
talorie  received  by  Ihe  iee  which  doe* 
not  affect  the  thermometer. 

The  piineipte  upon  wtueh  the  ther- 
momater  and  the  pyromet^  aet  is,  the 
tendeac^  whieh  heat  or  folorie  has  to 
diffuse  itself  among  contiguous  bodies. 
When  applied  to  a  hot  body,  they  ac- 
quire a  portion  of  tlie  beat  IVonii  (hat 
body ;  aitd  wheo  applied  to  a  eold  one, 
they  cammimioate  to  that  body  a  por- 
tion of  tbelrowa  ealoric.  Tbese  chants 
in  the  quantily  ot  its  own  caloric  are  m- 
dicated  hf  ehancea  in  the  bulk  of  the 
thermometHetliad,  orpyrometric  piece; 
and  suefa  instnuMnU.  tberetore,  do 
no  more  than  show  a  certain  excess 
of  heat  given  out  tiy  the  hottest  to  the 
coldest  bodv.  On  this  gTouod  the 
names  of  thentMoef*  ana  pyrvtcope 
are  more  suitable  far  *ueh  instruments 
than  th«ir  mert  flommcoi  designations. 

Thai  diliuit  bodiee,  in  equal  quan- 
titiae,  whether  meanred  by  wdgM  or 
volume,  contain  unequal  quantffies  of 
caloric,  has  been  estabfished  W  the 
investigatiou  of  Boerfaaave,  Black, 
Wil(^  Irvine,  Crawford,  Lavoiuer,  Sec 
It  does  not  bdon^  to  this  place  to  enter 
into  this  sutgect.  bat  it  is  sufficient  to 
mention  the  gKHuids  for  this  important 
GODolusion. 

If  we  mix  one  pound  of  water  at 
81^,  and  a*  raueh  water  at  32°,  when 
due  precautions  are  employed  to  mix 
tbun  without  loss  of  beat  or  the  nddi- 
tictt  of  extraneous  temperature,  the  ther- 
raoioeter  plunged  in  the  mixture  will 
indicate  very  nearly  132°,  or  the  arith- 
metioal  mean  between  the  extremes; 
which  proves  that  equal  quantities  al 
the  fame  iody  contain  quantities  of  calo- 
nopn^rtionaltotbeirt^npnature.  If, 
however,  wo  mix  a  pound  of  mercury 
with  a  pound  of  water,  at  different  tem- 
peratures, when  the  mercury  is  the  hot 
test,  Uw  temperature  of  the  mixture  will 
be  gieatly  b«low  Uk  mean;  and  when 
OewatwiaUie  hottest  body,  the  mix- 
taw  will  ba  ytMttjF  ateve  the  mean  t«»- 
of  Kwb  axpai^ 
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m«nts  have  »hown  that  the  same  quan-  WUcke,  of  Copenha^iEn,  first  eoDcdvtd 

ti^  of  caloric  which  can  raise  the  tem-  theideaofemployingthemellin^oficeor 

perature  of  water  only  4°,  will  raise  that  anow.forthepurposeof  ascertaining  the 

of  niercui7ll2°.     If  this  be  the  case  at  comparative  quantity  of  caloric  in  dif- 

ere^  temperature,  which  is  most  pro  ferent  bodies ;  and  this  method  was  im- 

b^Ie,  the  quanlitu  of  calorie  in  water  is  proved  in  the  hands  of  Lavoisier  and  La- 

to  that  in  an  equal  weight  of  mercury,  at  place,  by  the  invention  of  the  Calori- 

Ihesame  temperature,  as  112:4  =2S:I.  meter. 

Besides  this   method  of  finding  out  It   conusts  of  two  vessels  of  tinned 

the  comparative  quantity  of  calonc  in  iron,  and  a  wire  cage,  which  are  flited 

bodies,  there  is  another  foundixl  on  the  so  that  one  may  be  inserted  within  the 

fact,  that  ice  in  melting  absorbs  an  uni-  other,  leaving  a  cavity  between  (he  sides 

form  quanti^  of  caStrie.      Professor  if  each.    (See/g^.  SI.)    The  wire-cage. 


Fig.ii. 


a,  is  the  innermost ;  and  i*  destined  to  mwve  e,  lined  with  the  same  material, 

receive  the  heated  body,  the  aubject  of  the  interior  of  Ifae  instrument  is  defended 

experiment.    The  space  between  it  and  from  all  direct  access  of  ejctemal  tem- 

the  second  vessel,  d.  is  to  be  filled  with  perature.    The  two  tubes,  g,  in  the  lid, 

pounded  ice,  or  snow,  as  well  as  the  are  for  the  introduction  of  thermome- 

perTorated  cover.  /,  of  the  cage  a.     It  ters;    but    during    experiments    those 

IS  the  melting  of 'this  snow  which  af-  tubes  are  shut  up,  to  prevent  the  ac- 

fbrds  the  indication  of  the  comparative  cess  of  currents  of  tur  through  the  ca- 

quantity  uf  caloric  in  the  bodies  sub-  lorimeter.    The  water  collected  between 

mitted  to  enKriment ;  it  rests  on  a  wire  the  outer  and  second  vessel  may  be 

sieve,  at  the  bottom  of  the  cylinder^,  and  drawn  off  by  the  pipe  t.     Experiment* 

is  received  at  the  orifice  of  the  pipe  d.  of  this  kind  should  be  made  in  a  room 

Tn  guard  against  the  effects  of  external  at  a  temperature  of  32°.     Before  com- 

temperature,    the  cavity  between    the  mencing  the  experiment,  the  snow  is  sa- 

vessiel  b,  and  the  exterior  one,  is  filled  turated  with  moisture  by  its  meltins.  to 

also  with  pounded  )c«  or  mow ;  thege-  obviateasmuchaspoasibletheerroroom 

iier«llidA.oftliewbolebeiiigalMcorerad  not  collecting  the  whole  of  the  water, 

with  now,  and  iti  (dgei  reitiim  in  •  Hie  indicatioiu  of  this  iiutnuaent^ 
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from  Qie  cause  Just  alluded  to,  tuid  the  ThU  win  ahow  the  imposiibility  of 

impossibility  of  altogether  obviating  the  any  general  correction  being  applied ; 

efiecta  of  cutrents  of  air  through  it,  and  we  adoption  of  any  formuls  tbr 

during  eiperiinents,  are  not  susceptible  this  purpose  would  be  an  affectation  of 

of  such   accuracy  as  the  more   simple  accuracy,  of  which,  unfoitiinately,   the 

method  of  mixture ;  although  this  also  subject  is  incapable.     If,  however,  such 

isliatdetoleadtoerroneouaconclusions,  formula  is  considered  desirable,  it  may 

fromthediScultyofobtainingthetruere-  easily  be  constructed  from  the  expen- 

sultoftheefiectof thedifferentmixlures,  menls  of  De  Luc  on  glass tubes^  at 

3.  There  is    an  obvious    source  of  difi^rent  temperstures,  which,  reduced 

I  indications  of  '11  instru-  to  the  scale  of  Fahrenheit,  are, 


50  =  100006 

167 

t=    10005S 

70  =  lUMH 

190 

=:  100069 

100  =  100023 

213 

=  100083 

120  =  100032 

ments  employrf  to  measm^  tempera-  j.               ^^^ 

tore,  mas  much  as  the  apparent  clianget  33°  ^    100000         150°  = 

in  the  volume  of  the  tiMnuometrie  sm>- 

stance  are  not  the  real  aognuntation  or 

diminution  of  bulk  it  undet^oes.    The 

glass  ofthethenDometer,  and  the  frame 

of  the  pynmiflter,  are  also  expanded 

■adcoah-Bcted  by  changes  oflempei*-  3,  Another  error  of  some  magnitude 

ture;»othatourinstrumenteonlyshow  is  produced  by  the  inequaliHes  of  the 

tt)eexettt^lheexpaatiom  of  thether-  expansions  of  the  anme  substances  l)y 

mometric  fluid,  or  pyrometric  bar  over  (qu,j  increments  of  temperature. 

those  of  the  glass  and  frame  ;  by  which  If  we  could  consider  expansion  simply 

thetnie  indications  are  dimmished.  as  the  effect  of  the  i^jplication  of  heat, 

FVom  the  extreme  nicety  of  some  of  equal  increments  of  temperature  should 
the  investigations  in  which  the  mercu-  produce  equal  rates  of  increase  of  vo- 
rial  thermometer  is  employed,  a  compa-  ^nie ;  but  the  expansion  is  the  r«- 
tmtive  ratio  of  the  expansions  of  mer-  niitant,  in  solids  and  in  liquids,  of  two 
cujy  and  riass  has  been  most  diligently  opposite  forees— of  the  repulsive  energy 
sought  after  IwDe  Luc,  Ramaden,  Roy,  ofcdoric  opposed  by  the  cohesion  of 
and  others.  Prom  their  invMtigationa  the  particles  of  matttr:  and.  accord- 
U  has  been  aacertwned  that  all  sobds  ingW,  it  not  only  differs  m  the  different 
and  linuids  Taiy  mthen-Tsteofexpan-  kmds  of  solid  and  liquid  matter,  but 
sum;  butthattheexpansibility  ofglass  in  the  same  body  at  different  tempera- 
depends  so  much  on  the  manufacture  tures.  As  might  be  Ktpecled  from  this 
of  that  article,  snd  varies  so  much  m  ^^^  jt  must  be  in  an  increasing  ratio 
the  different  kinds,  that  no  general  ^jth  the  temperature ;  because  the  forca 
equation  as  a  correction  for  this  source  of  cohesion  must  diminish  with  the  dis- 
of  HTor  can  be  of  practical  utih^.  Even  tance  of  the  pariicles  of  matter. 
the  form  of  the  glass  rod  is  material  in  aeriform  bodies,  the  force  of  cohe- 
Roy  gives  the  expansion  of  n  glass  ^c  ^^^  not  exist ;  and  we  might  in> 
tube  =  0.0046569th ;  of  a  solid  glass  fe,  that  equal  increments  of  heat 
rod  =  0.009G944th,  in  passing  from  the  would  produce  equal  expansions,  in  all 
freerin^  to  the  boiling  point  of  water.*  ga«s,  at  aU  temperatures.    In  gases. 

An  important  senes  of  experimenta  g,e  ratio  might  even  be  expected  to  de- 

by  Lavoisier  and  Laplace  have  been  crease,  in  a  minute  but  mappreciable 

published  by  Biot,+  from  which  it  ap-  dwree,  with  the  temperature  ;  because 

pears  that  of  twenty-three  solids  tried,  the  increased  distance  of  the  particles 

{^aBswastheleastexpansibleoflhematl.  ^ill  tend    to   diminish   the   repulsive 

The  length  of  ditl^rent  glass  rods,  enersy 

which  at  3a=Fahrenh«it=l.0O00000O,at  Experiment  in  these  particulars  ic- 

aiyFahpenhertisaugmentedaafollows:  cords  vrith  theory.    Tie  ratio  of  expan- 

Qlui  of  SuGobda 1.00089089=,^,  sion  in  solids  and  liquids  is  found  to  be 

Glasitsb^  withoutlMd  ;i. 00067572=,^,  an  inerauvig  one,  as  the  temperature 


F«oeb^M^witbU>iJ...1.0008n99=,AT    «»* ™}y  «l"«W«  m  the  same  gas,  but 

KatfUbliDtslHS 1.00081166=,*,    •q||«>n"l-  . ^_ 

----■■        *  ""       The  manner  m  which  a 


IXUa !l  .00089760=:^,^,    ia  augmentri,  and  is  very  difiennt  in 

DitiD 1.000917S1=,A'J    •""*  substance;  wlule  in  uw gases,  it i« 

-      .    .         ......  ^^^^- —    * .  '    HAtnniv  winohiA  in  thg  asms  gaSf  but 

lich  an  increaaog 
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ratio  of  npanriMi  muBt  afitet  th«nno-  column  an  tfa«  indieationi  of  tbt  wtf 

meters  and  pynimeten,  gnduuted  oa  curial  tliennometcr,  acwxding  to  I)t 

the  principle  of  equal  degrees  between  Luc'b  or    Rekumur'i  acale ;     io    the 

two  fixed  paints,  is  obvious;    and  it  second,  the  indication*  of  the  klcoholk 

eu-ly  became  an  object  of  solicitude,  thermometer  at  the  eom^Mnding  tcm* 

Drs.Hallej' and  Brooke  Taylor  devised  peratuics;  end  ia  the  third,  an.  what 

the  method  of  investigation— namely,  ou^t  to  be,  the  r«il  tempostunt  u 

by  mixing  together   equal  waghti   of  disoovertd  by  «[pariDUOt, 

water  at  different  ascertained  tempera-  _           .        _             .  _ 

tures,  and  finding  how  much  the  thei^  Ifcn^ral  Ttier.    Alcelijl  Tli*.    RuITm. 

momder,  plungwl  in  that  miiture,  dif-  f" «'-"' ^^ 

fered   from    the    mean    temperature.  " 73.8,...  .,..75.« 

From  not  sufficiently  atUnding  to  the  fo aji 70A8 

various   requisites    to    obviate    error.  AS fil.A... 9631 

theydidnot  arrive  at  the  true  conclu-  fio.. bSi SpH 

sion.    We  ewe  to  De  Luc  the  more  5S.,,,  ...,,...60.7.. UiS 

successful  investigation  of  this  problem;  yf ^_j 51  Jt 

by  a  train  of  nice  experiments,  in  which  45  '.  ^ '!.'.!  !40J.....'..*.'4i.87 

he  endeavoured  to  guard  ggainst  the  j.' _.  , «'« 

souroes  of  error  arising  from  the  cool-  ?■ ""l Zl"! 

ingeffect  of  thevessd  containing  the  « ™f '"«« 

mixture,  and  of  the  escape  of  vapour.  ™ »** "■» 

he  proved  that  the  different  thermo-  S5 11.0 ».« 

metric  fluidsdonot  expand  in  a  uni-  » ISA 21.19 

form  ratio  to  the  quantities  of  caloric  IS 12.3 HM 

applied;  but  foUovr  an  increasing  rate  le 7.9.... ....1074 

a>  their  temperature  is  raised.    Mer-  s 3^ 445 

cur^  he  found  to  ba  the  moat  regulM  g jj j  j 

in  its  expansions;  yet  it  also  showed 

very  sensible  deviations.  When  equal  ^ni«rt  isnuonto  btlien,  homw. 
weights  of  water  at  33'  and  212  wera  ft^  Dg  l^o  ^ates  tfao  irregnltrily  of 
mixed  the  mercurial  thermometer  id  q^  mercurial  thermom«ter  too  luffta. 
notindicatethemeanteritpwaturel22°.  jj,  Crawfbri  iitTestigat«d  titis  pSnt 
but  only  IIS";  art  od  Ihmnometer,  ^h  peat  «««.  aiir««dmlM,^ 
m  the  same  experiment,  stood  no  higher  ^^^  ^  difihnnoe  of  tniwentan  it 
than  I17°,and  oneof  spint  ofwineat  the  two  podioM  of  fluid  did  not  exoeed 
108" ;  while,  with  a  thermometa-  filled  ^^^  p_^^  ^^^^g^  deviitioiw  of  tin 
wilh  water,  the  temperature  of  the  mix-  n„,reurial  thermometa-  were  not  obon 
ture  appeared  only  to  be  7S  .  His  ex-  0_gj  ^f  a  degree.  Do  l.oe  himtdf 
periments  showea  the  great  supenonty  ^„„^  that  the  remit  of  the  Bixtnm 
of  the  mercunal  overthe  alcoholic  ther-  „u^  \^  iaaocuiate,  if  the  etpadtw  of 
moraeter;  but  this  supenonty,  it  pro-  the  wat«  operated  00  is  ohMurodduriiw 
bably  owes,  as  Mr.  John  Dalton  has  the  experiiiieDt  In  nixing  togelhm 
remarked,  in  a  great  measure  to  the  dis-  ^ot  and  cold  water,  tbe  probahiUtr  is, 
tance  of  the  ordmaiy  range  of  tempera-  ^^^^  i^  diminished  volume  of  the  mix- 
ture, from  the  freeilug  and  boilmg  point  tu^  causes  a  diminution  of  omacily  : 
of  mercury ;  lor  the  expenmenta  of  „d_  consequently,  an  inermit*  of  tern. 
De  Luc  show  that  the  uregulwities  of  p^i^ature,  beyond  what  is  due  lo  tht 
^fimds  are  much  augmented  about  fieat  of  the  two  portions  mixed  towUwr. 
the  points  of  their  consohdation  and  g-  ,3™,gi^  »  mercurial  thenoMMter 
passing  mto  vapour.  in  a  vesnO,  in  which  the  ineludod  iw 


From  the  usual  method  of  graduating 


ixpoMd  to  the  tigorifta  iitflneiMB 


Uie  mercunal  ihwTBOmetw  from  two  of  melSng  snow,  andtbeheat  ofwaterr 

fixed  points  only,  the  error  from  rnequa-  vapour  Jai2=,  he  found  that  it  indi- 

lity  (,t  expansion  xviU  be  p^'tw  "  ««  eated  121 ',  or  only  a  sinrie  deneo  loss 

mtfanbeiweenthetwD  points;  wt»n,ac-  j^an  the  ariUimeBcal  me»n.*     KWra 

CordingtoDe  Luc,  it  amounB  to  about  3"  eomparison  with  air  theraometm,  Oar 

Fahrenheit  below  the  real  temperature.  ^^^^  inferred  that  tbe  merrorltl  ther- 

In  the  following  table  art  gi«n  the  «,Bet«wM  tonaWe 
result  of  De  Luc's  researches,  on  (he  ^ 

two  flrndi  cdiiefljvied  for tliesvionetcfa 
— mereuiy  wl  kleoM.    Ia  tbe  fint 
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M  the  frMBnc  Mid  tbe  boQing  fhnn  thdr  mglMting  Ae  eflhet  of  hj- 

rf  wBter.*      Pelit  and  Dulong  (trometric  water  in  the  gases.    General 

nave  investigated  dw  subject,  by  a  com-  Ro;r*  found  that  their  exp&naion  fol- 

parisoD  with  the  air  thermometer,  and  lowed  a  ratio,  deereanng  with  the  rie- 

vith  the  expansions  of  a  pyrometer  of  ration  of  temperature ;  and  the  same 

very  infusible  metals  (pl&tiaa  and  cop-  result  was  obtained  by  Mr.  Ddton.t  Dr. 

per)  which  appear,  by  the  experiments  Murray,  J  Gay  Lussac,  §  and  Petit  and 

of  Lavoisier  and  Laplace,  to  be  very  Dulong  ( ||  but  there  is  reason  to  eon- 

e<iuable  in  their  expansions,  below  the  elude  that  (his  apparently  decreasing 

boilint;  point  of  water.     They  found  ratio  in  the  expansion  of  ^^ases  is  owing 

tiiat  the  iiregularity  in    mercury    in-  to  the  error  caused  by  the  unequable 

creases    with    the    temperature ;    and  expansions  of  the  mercury  in  the  ther- 

would  even  appear  to  be  greater  than  mometer,andthedilatationofthebuU>of 

the  rise  of  the  mercurial  thennometer  that  instrument ;  and  philosopticrs  now 

indicate*,  were  not  the  increasing  ex-  agree  to  consider  the  expansions  of 

panaion  of  the  mercury  diminished  by  gases  equable  and    equal,    as  before 

the  increasing  ratio  of  the  dilatation  of  stated;    especially   as  the    decreasing 

(he  glass  itself.t    Hence  the  source  of  ratio  disappeaia,  if  we  apply  De  Lue'i 

error  in  thermometers  arising  from  the  correction  of  the  real  mean  between 

«xpanxionofthe^ass,  is  rather  advan-  32°and212*. 

tageoua  than  detranental  to  their  accu-  From  the  foregoing  observations,  we 

racy.  may  conclude,  that  the  air  thermometer 

The  difference  between  the  indica<  requires  no  correction  of  its  indications: 

tiona  of  the  alcoholic  and  mercurial  that  the   accuracy    of   the   mercurial 

thermonieters,  as  lately  ascertained  by  thennometer  is  not  materially  afiected 

Dr.  De  Wildt,  do  not  nuteriaUy  differ  by  tlie  inequalities  of  the  expansions 

from  the  determinations  of  De  Luc;  of  the  mercury,  in  ordinary  ranges  Qt 

and  having  been  obtained  for  every  6"  temperature ;  that  the  expansion  of  al- 

of  Reaumur's  scale,  apparently  with  cohol  is  pretty  uniform,  until  about  30" 

much  care,  we  give  the  result  as  a  table  R.otIOO°F.:  above  that  point  its  eX' 

of  correction  for  Rutherford's  thtarmome-  pansiona  become  more  irregular ;  but  it 

lers;  for  which  purpose  they  were  in-  nastheodvantageovereveryatherliquid, 

leaded  by  the  author.  of  marking  the  lowest  degrees  of  natural 

iftmrr         Epirii.         Mitnij         Spirir  OT  artificl^  Cold  hitherto  observed. 

-45''  =  .-^'JSO         ■+2»^...+lt''M  The  irregularities  affecting  pyrome- 

40 25  M            3S  20  ,97  ters,  except  from  alteration  in  the  size  of 

35 23  ,19             30  25  .60  the  substances  supporting  the  bars,  are 

30            .  20  .33            35  30  M  extremely  minute.    The  experiments  of 

„, ,,  ~n            «,  'o.  ,1  De  Luc  and  Roy  would  lead  to  the  oon- 

II '     ,,           ™  "  ,'  elusion,  that  the  expansibility  of  solids 

«* "  -11            "  "  ^  is  not  quite  equable™  Roy  ttinks  that 

•* '•'  ■«             *•  "  ■"'*  this  slight  iiregularitymay  be  apparent 

«» '  -M            "  »  -9T  rather  than  real;  but  Lavoisier  and 

8 3  ■?*            W  56  .48  Laplace  state,  Uiat  the  expansions  of 

0 ■'.—  0  XM)            6J  63  .14  aohds  keep  pace  with  those  of  the  roer- 

.^5 +  3  .90            70  67  M  cuhel  thennometer,  from  the  freeiii^ 

10 7  ,95             7S  73  ,90  to  the  boiling  point  of  water;  and  Pelit 

Ij 13  .]4            so  aot.OO  and  Dulong  assert,  that  the  expanmon 

_'."',          ,    .     ,              ,  otmefalsiaprogressive  above2l2''F, 

The  indicatiooa  of  air  thermometers  j^^g^  irregularities,  if  thm  exist,  are 

were  at  one  time  supposed  liable  to  un-  g^,  minute,  a*  not,  in  any  ordinary  prao- 

certamty,  from  the  mequalihes  of  their  tical  purpose,  to  aSbct  the  indications 

expaonon.     Ouyton  and  Pneur  una-  of  pyrometers;  and  at  high  tempwa- 

|iii«d  that  the;?  progrewweiy  expanded  tuMs  extreme  accuracy  i?  leldom  of 

ma  greater  wtio  than  the  temperature,}  much  consequence. 

but  thii  has  been  proved  to  ta  errone-  jhe  differences  arising  from  two  w- 

oua;  and  the  miaUte  probably  arow  rometers  of  different  mSerials  may  be 

•  A>»iH4iCkiBif  uJiiiL                   ~~  ''O"****^  ^Y  Table  IV.  in  the  appendix 

I  JiiM«'i  KUiL  nil,  Jnrul.  On.  IBSe.  ud  •  PbU.  Tnu.  inL  lirii. 

KutHi  AtcUt  [bt  di*  OMUiMite  MsUnl,  Dwu.  t  MughnNi  Hiibihi^  nL  r.  p.  W>. 

M»  tEdii.  FkiLTnu,          (Au.  4>Clii»  t.sUU. 

ftovwliial'SsaUfiiirtKbuiu.  |  Aaula  di  CUb.  it  Fkr>.  I.  II. 
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offberetuHa  oUaiocd  inl78S,  l^  Lk-  AfMi%  dltMiJir^  the  intcTTCniiig  spaM ; 

Tcnsier  and  Laplace,  ]a.Uij  recovered  but  to  obtain  mteniMdiate  potnti  by 

bj  Biot.     Etch  substance  at  32"  F.^  means  of  mixtures,  or  by  comparison 

l.OOOOOODO.  with  a  standard  inatrumeat  so  formed ; 
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0JI0181667 
0J10187S00 
0.001S0B33 

o.ousaes33 

O.00S48S3S 
0.0til!SS33 

0.00193333 
0.0019I3S3 
0.009U66T 
M0 108338 
OA0asOS33 
0.O0a0S838 
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IL  TABLE  or  KXPAIMIOIK  aCCORDINO  TO  ROY. 


■mtTAHCM. 


[■  jMiBlU 


SiMlKid 

Bcu*  Male,  Hamboiili  - 
Bnn  plate  rod,  Eif  liib 
BtaM  pUte  ttoofb,  Ei^liib   . 
Caet  Inn  ptiim  . 
G1m>  tube 


OJn  114450 
OJMIBSSSO 
lUMisgaoe 
0.001 894S0 
0.001 1 1000 
aOOOTTSSO 
0.00OB083S 


in  TABLE  OF  EX»AN8IO»lS  ACCORDINO  TO  TROUOHTON. 

„..„..... 

TIMriltTUH        01    IWMINO       TO  1 

llttima. 

•iS& 

fteel  .             ■                        ... 

Bilrer  .            .                                -               • 
Copper.            .                         ... 
Iron  Wire        .                .               .                - 

Phlina. 

PalWioB  (aewriiBf  to  WoUhWb^  . 

0.0011889 

cooaosas 
aooioiss 

0.00099918 
0.0010000 
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IT.TAaUECVTilEUNEAH  QILATATIOKOr  PirFKREKT  BUaBTAITCM  rROH  THK  TKIL 
PERATURS  or  FRIIZINQ  TO  THAT  OF  BOILING  WATER,  ACCORDINO  TO  THE 
EXPKRlMtMTS  or  ItAVOISIKR  A 


H«l&    TO    DMTT.                         1 

l>d«lul 

fwtiOM. 

iliSK: 

Olui  of  SLOobwD 

UlM<t<>b.«itl>«itUwl 

Ditto. 

Ditto             .... 

Eoglith  FUotOlwi 

Fr.octi(lui«iU>li»d 

Coppu 

Ditto            .            ,                ,               . 

Braa 

Ditto         .... 

HtrdStul          . 

SoftStMl. 

Te«,p.r,d  St«l  . 

LMd           .                  .                 ,                  . 

UiliccaTla      . 

e<m.i.hTi» 

CiipaUid  SWnr                   .      ~ 

PariiiuiSlududBllnt 

Pun  Oold 

PuUiu  SUodvd  DitC<>  oM  wltwiKt 

At  tU<> 

0.00089089 
O.O00S7!>72 
0.00089760 

a.ooa9l7&i 

OJ>0081166 
0.00067199 
O.00I72a44 
0.00ini»8 
0.00186671 
0.00I8897I 
0.D012204J 
O.0OU3&0t 
0.00107875 
a.001079M 
0.00IS305G 
0.00384836 
0.00I9376S 

0.00I9S974 
U.OO  190888 
0.00149606 
U.»«1U1U 
O.0OISI36I 
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T.  VAUIt  «r  TKI  EZPANSIONE  OF  Lt qviMi 

The  cxpMnioas  in  thii  tebk  vwrs  determined  bj  Mr,  IMten.  Ifcajr  h*  aqtttl 
t«  what  would  b«  preduecd  bf  rq  elevation  of  temperature  frcm  tba  fi  twiiiu  to 
tk«  boiling  point  of  wkter ;  Uk  volume  Rt  the  fanner  Deing  I. 

MeroBtj   .OaOO  =  Ai 

W««M «4eC=  A-i 

Wmu  MiwiM  with  wit StSM  ^  fy 

SulpbnHo«Gid jOtOOtxf, 

Muriatic  Mid 0600  =  iV 

Oil  oflHipfMin* 41700  s=  ^ 

*ther  .OTOO  =  ^ 

Fiiadoil*. C800  =:  fft 

Alc«)wli  J)1I0  =   1 

Nitcieaci4 0110=:   ) 
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THERMOMETER  AND  PYROMETER. 


No.  III. 

.ABLE  OF  BEHARKABLE  TBHFBBATURBS  ACCORDINQ  TO  FAHRBKHETTS 

SCALS. 

lniiii«dbotiD  thelwUighl        .....  881 

Unl(4aeonBOBlra(1niaeJ 

Iron  hii^i  [«d  in  Uie  duk  '. 

«iM  mm 

QuiokiilTci  boili  (Irrine) 

. (aillon) 

(CriehtM) 

Lnueed  oil  boib 

Lead  aiehi  (OdjMB,  Iirme) 

Salpbnric  Acid  boiU(DalMB> 

The  iBTftM  of  poliihcd  8uel  acqii 

Oil  of  Turpentine  boiti 

pboiphoHM  boili  , 

Biainuth  moll^  (Itr^ne) 

ThBMii{«ceor  |iolu^ite«)M4U(«t%(tl«UM«  t«l*H 

T^  iwU^  (CrichUB,  liv«f ) 

A  Compound  at  equal  port*  «(  Tia  M^  Biimnlk  mfHt 

Nitric  Acid  boili  .... 

Salpfaar  m«h> 

A  Miunted  tehrtioa  of  Sah  b«ili 

Water  boilii  (the  barometer  being  al  SO  bche*);  alw>«Cogt^It4of  Srf Biiwi|tti( 

S  or  Tin,  and  S  of  L«ad,  ■^elu 
A  Compound  of  S  of  Tio,  9  of  Lead,  «d4  8  of  A 

Alcobol  boib 
Bee«>  Wu  melu 


I*  a  deep  blue  coloat 


Pbospborni  nwlu  <  .  .  ■  . 

^iberboita  ...... 

Medium Taa>pai>tu«aflbeGlob«    .... 

HtlkfteeK*  ..... 

VinegaT  treeia*  Mabool  ..... 

StroDg  Wine  freeiet  M  about  >  ■  ■  . 

A  Mixture  of  I  part  of  Alcobol,  and  I  [i«rUof  W«tot>  beMW 

A  Miilure  of  Aleobol  and  Water  ineqiial  parts,  freeiea  . 

A  Mixture  of  S  parti  of  Alcohol  and  I  of  Water,  rceeiea 

Uellius  poiol  of  Qaiduilver  (Carendiih) 

Liquid  Ammonia  crjitalliKi  (Vauquella) 

Nitric  Acid,  ipec  ^.  about  1.4!,  freeaei  (CaTendish) 

Sulphuric  £lher  couEcali  (VaiiqueliE)  .  • 

Natural  Tenperalnre  obiervad  at  Hudion'i  Baji  .  ■ 

Ammoniacal  Gu  condenaea  into  a  liquid  (GajtoD^  • 

Nitron*  Acid  freeie*  (Vavquelin)      .... 

Cold  produced  from  diluted  Snlpburic  Acid  aod  Snow,  the  maleriala  being  at  the 

tempetatura  ofir  ..... 

Gi«aia«t  Aitiftcial  Cold  jM  maHond  (Wallur) 
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Addenda  et  corrigenda. 

Paga  a.    The  description  of  ihejif.  of  units:  but  it  ii  moit  convenient  to 

7,  in  the  text,  ia  taken  from  the  Memom  reckon  til  the  fl^m  after  the  index 

of  the  Aeademy  of  Sdencet.    It  it  pro-  u  dedinftU,  enil  the  formulK  will  be 

bable  that  in  the  construction  of  the    99x100,^^     _  __.      -^ 

initrument,  Amontoni  employed  %  tube  g      ■^S''  *'    ""    '      99  x  10  ^^' 

of  narrow  calibre, to  enable  the  included  u_o=t 

air  to  lupport  the  mercurial  column.  p  jj/  In  the  aecond  column  of  the 

The  proporhon  between  the  tube  mi  tg^le.  89.  ahould  be  opposite   to  .93, 

ball  maybe  mferredtom  what u stated  ifuteado/M 

of  the  expawion  of  the  whole,  by  the  -n^,  j^rms  'lomr  and  Mgher.  in  the 

heat  of  boiling  water.   .  third  column  of  the  same  table,  are  so 

P.IO.  Inaieb^^iwcrfa»p*r»-  in  the  original  paper;  but  the  direction! 
graph.  jiMtaflertteflntiet  of  tormulw.  „iu  bemore  pftta,  if  the  reader  will  re- 
there  a  an  wrOTW*ich  reqmres  ctwrec-  coUect,  that  where  louer  is  iodicatwi. 
lion.  lmAe»do(thtitfi)rmiia)iwilP»g  the  correction  is  "to  be  subtracted  ;" 
to  aji  degrett  abmii  Oa  fi^tag  mini,  md  when  A«A«r  is  used,  the  correction 
read,  "UiMe  JormuUe^app^y  to  all  dc-  J*  » to  be  a^ed." 

p  ^^^  p^  J     The  action  of  the  [ri- 
nions  in  Ferguson's  Pyrometer  ia  ill  ex- 

,  - ,    .  ,       .  ^,      {.           ,  pres»ed  in  the  teit ;    and  the  reader  b 

y  denotes  the  height  of  the  barometer  ™ueated  to  substitute  for  the  memlw 

•n  ."ftMn'A*  0/  a  Paruum  hne ;  T  the  ^f  ^^  sentence  commencing  with  "  a»f 

height  of  a  thermometer,  plunged  in  rt,ftar.  ^.■' in  the  nth  Hae,  the  fol- 

boding  water,  ^ve  the  melbng  pomt  i(,„i^_T.„,d  as  the  bar  ft  has  fifteen 
of  jee,  in  hundredths  of  a  d^ree  of    ,eeth  to  one  inch,  it  is  obvious  that 

S!^'i^S,**^'1f^T?"'f"?K^2i*lS!f"  ^hen  k  mom  one  inch,  the  pinion  i 

trty  10887.  which  Horsley  thinks,  from  ^  have  made  one  revolution  and  a 

wmeofDe  Lues  experiments,  should  ^.^er.  and  the  pinion  p  wiU  have 

have  been  10369 ;  but  in  his  mmbga.  ^loved  lOO  x  H.  or  135  timn  round." 

lions  he  retains  the  first  number,  u  p  jg.    In  Wedgwoods  taUe,  Col.  I. 

probably  adopted  on ^od  gronnds.  ^^  ^7.  for  deduei,  read,  " did  not.' 

Uie  tables  of  Bn™.m  which  UiB»ev«  „f  a^nJer-,  iSsteument  should  hafe 

figures  of  the  tabte,  as  weU  as  the  b^enMS  millimetres,  its  diameter  JJ199 

indK^i.  aie  reckoned  integer. ;  or  he  ^^     „j   jt,   circumference  4.0J9 

eonsidera  the  tigAth  figure  m  the  place  ntjtns. 
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ELECTRICITY. 


Grafter  I.  name  of  science.    The  real  science  of 

■      Gtnerai  Fa^U  and  Principles.  '  Eleetrid^  can    property  «peaking,  be 

'^  considered  as  taking  its  rue  only  m  a 

(DThb  science  of  Elbctricity,  which  later  age  ;  and  it  was  the  first  ihiit  of 

now  ranks  as  one  of  the  most  important  that  active  spirit  of  investigation,  which 

branches  of  Natural  Philosophy,  and  at  the  commencement  of  the  eighteenth 

which   embraces   so  many  subjects   of  century  was  rapidly  diffusing  itself  over 

inquiry,  exceetUngiy  curious  in  thim-  Europe.  The  establishment  of  the  Royd 

selves,  and  hi^y  interesting  fiom  their  Society  of  London  appears  to  have  had 

I'elations  with  every  department  of  na-  considerable  influence  in  promoting  the 

ture,  is  wholly  of  modem  creation.    The  cultivation  of  electricity;    for  wefind 

ancients  were,  indeed,  acquiunted  with  that  almost  every  discovery  of  import- 

a  fetv  detached  ^ts,  depending  on  the  ance  in  this  science  was  made  by  the 

agency  of  electricity ;  such  as  the  at-  members,  and  is  recorded  in  the  Irans- 

tntctive  powerwhich  amber  acquires  by  actions  of  that  Society.    But  it  was  not 

lieing  rubl>ed,  the  benumbing  shocks  until  the  present  century  that  the  ex- 

which  aire  experienced  on  touching  the  tensive  relations  which  connect  electri- 

torpedo  (or  electrical  eel),  and  the  ap-  city  with  so   many  other  branches   of 

pearance  of  those  sparks  or  streams  of  physical  science,  were  discovered,  and 

tight  which,  on  some  occasions,  are  seen  their  importance  appredated.     Already 

toissue  from  the  human  body.    But  no  have  we  seen,  in  this  short  era,  the  rise 

suspicion  was    entertained  that  these  of  a  new  science,  founded  on  that  pe- 

phenomena  had  any  connexion  with  one  culiar  modification  of  Electricity,  which 

another ;  and  far  less  was  it  imagined  is  known  tiy  the  name  of  Galvamisu. 

that  they  were  the  effects  of  a  power  Hence,  have  we  derived  new  instru- 

pervading  all  material  bothes,  and  ex-  menta  ofanalysis,newpaths  nfresearch, 

tensively  concerned  in  all  the  operations  and  new  powers  of  extending  the  do- 

of  nature.  minions  of  science;    hence,  have  we 

(2.)  It  was  only  by  slow  degrees  that  been  able  to   trace  alliances  l>etween 

this  knowledge  was  acqitired.    Thefirst  several  of  the  great  agents  concerned 

step  towards   a  generaliiation   of  the  in  the  phenomena  of  the  material  uni- 

j^enomena  was  made  by  Dr.  Gilbert,  verse.    ELECTRo-CHBUisraY  has  thus 

an  English  physician,  who,  in  the  year  arisen  as  one  of  the  connecting  branches 

16UU,  published  a  very  original  and  va-  between  remote  divisions  of  the  Philo- 

Kiable  treatise  on  the  magnet.    He  re-  sophy  of  Nature,    Still  more  recently 

marked  that  several  other  bodies  besides  there  has  been  opened  to  us,  in  the  sub- 

nrol>er  can,  by  friction,  be  made  to  at-  ject  of  Ej-scTRO-MAONsTiau,  another 

tract  light  bodies;  and  he  was  thus  led  new  province  of  science,  which  esta^ 

to  the  discovery  of  a  property  common  bhshes  a  natural    connexion  between 

to  all  of  them.     The  Greek  name,  for  two  powers  hitlierto  regarded  aa  dis- 

amber    being    nXmrfn  (Eleelron'i,  the  tinct. 

bodies  possessed  of  this  property  were  So  rapid  has  been  the  march  ofs«nen- 

denorainatcd  EUclriat ;  and  the  power  tific  improvement,  that  it  is  difficult  for 

they  manifested  was  termed  Elbctri-  those   whose  attention  has   not  bten 

CITY.    The  obsen-ationa  of  Boyle,  Otto  steadily  and  exclusively  devoted  to  these 

GuericVe,  Newton,  and  a  few  other  phi-  parlicuiar  otijects,  to  keep  pace  with 

losophcrsofthesamepwiod, contributed  the  progress  of  discovery.    The  mate- 

■omewhatto  the  extension  ofourknow-  rials  eollected  by  the  numerous  laLwurera 

ledge  on  this  curious  sul^ect ;  but  even  in  these  wide  fields  of  inquiry  hava 

the  irformation  collected    during  the  poured  in  upon  us  so  fast,  that  Ihera 

whole  of  that   century  amounted  to  has  scarcely  vet  been  tiue  for  marshal- 

Aothing  tlut  could  b«  entitled  to  the  ling  them  in  tncir  proper  places,  and  far 
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S  ELECTRICITY. 

dbposing  them  in  the  ot^er  best  fitted    and  %Thich  are,  fberefore,  termed  non- 
for  instruction.     It  is  to  be  lamented    Heotrics. 

that  there  exists  as  yei  no  Kcneral  and         (6.)  The  principal  electric  substances 
inrehensive   treatise  emoracing  the     in  nature  are  the  fbllowinK:  viz.  amber. 


cftted  subjects  of  modem  research ;   and  precioi 

that  the  student  has  still  to  gather  the  quadrupeds,  and   almost  all  vegetable 

information  he  seeks  from  a  multitude  substances  (excepting  charcoal),  which 

of  joumala  and    other    miscellaneous  have  been  thoroughly  deprived  of  mois' 

nources,  where  they  lie  irregularly  scat-  ture,  as,  for  example,  baked  wood,  and 

tered,  aiid  are   not  to  be  arranged,  or  veiy  diy  paper. 

even  found,  without  a  great  expenditure  ■  (7.)  After  the  bodies  which  had  beai 
of  time  and  labour.  It  is  the  aim  of  attracted  by  the  excited  electric  have  re- 
these  treatises  to  supply,  in  some  degree,  mained  in  contact  with  it  a  certain  lime, 
this  deficiency,  in  as  far,  at  least,  as  the  force  which  held  them  together 
relates  to  the  instructian  of  those  who  ceases  to  operate :  the  bodies  then  re- 
have  no  previous  acquaintance  with  the  cede  fi-om  the  electric,  and  if  the  latter 
subject,  and  are  desirous  of  being  iuiti-  be  again  presented  to  them,  they  will, 
•ted  in  the  principles  of  the  science.  provided   they  have  touched  no  other 

(3.)  In  order  to  convey  the  clearest  body,  be  repelled,  or  driven  off,  instead 

•nd  most  philosophical  views  of  the  sub-  of  attracted.    This  change  from  attrac- 

ject  we  are  about  to  tresl,  we  shall  begin  tion  to   repulsion  tt^es    place    more 

tiy  slating,  independently  of  all  theory,  slowly  with  some  substances  than  with 

the  most  general  facts  relating  to  Elec-  others  :  some  bodies  will  adhere  to  the 

tricitv ;  presenting  them  at  first  in  their  electric  a  considerable  time  before  Ihey 

timplest   form.     We   shall,  in  the   se-  recede;  while  others,  and  especially  me- 

cond  place,  review  the  theories  whidi  tallic  bodies,  are  repelled  the  instant 

have  been  framed  for  the  purpose   of  after  contact:— the  reason  of  this  will 

connecting  these  facts  in  the  mind.    We  atterwards  be  seen. 

shall  thus  be  enabled,  lastly,  to  study  (3.)  It  is  also  to  be  noticed  that  two 

their  combinations,  to  unrav^  their  com-  bodies  which  have  both  of  them  been 

plicated  results,  and  to  follow  them  in  in  contact  with  the  same  electric,  mutu- 

their  practical  applications,  ally  repel  each  other. 

(4.)   The  general  facts  relating    to  (9.)  The  pljenomena  of  electrical  at- 

Electricity  may  be  reduced  to  the  six  traction  andrepulsion  arebest  observed 

fotlowing  neads : —  when  electrics  of  considerable  size  are 

1.  Excitation.  ~      ' 

2.  Attraction. 

3.  Repulsion.  have  them  of  a  cylindrical  shape,  which 

4.  QcsTRiBTmoN,  admits  of  their  being  more  easily  carried 
9.  Induction.  in  the  hand,  and  more  readily  trans- 
C.  TnANSFKSEHCB.  feiTed  to  wherever  we  may  wish  to  place 

them.     We  may  employ  as  our  electric 

^  I.    Of  Excitation,  Altraalion,  and  atliick  cylinder  of  seabng  wax,  or  on« 

EqmUion.  of  sulphur.  If  glass  be  chosen,  it  should 

(5.)   If  a  piece  of  amber,  or  sealing-  be  in  the  form  of  a  tube  of  considerable 

wax,  or  a  smooth  surface  of  glass,  per-  diameter,  and  should,  previously  to  the 

ftectly  clean  and  dry,  lie  briskly  rubbed  experiment,   be  gently  warmed  before 

with  a  dry  woollen  cloth,  and  imme-  the  fire,  in  order  to  expel  all  moisture 

diatelv  atterwards  held  over  small  and  from  its  surface.     As  a  rubber  we  may 

light  Dodies,  such   as   pieces  of  paper,  use  a  silk  handkerchief,  a  piece  of  clean 

t&ead,  cork,   straw,   feathers,  or  frag-  flannel,  or  the  fur  of  a  quadruped;  but 

ments  of  ^old  leaf,  strewed  upon  a  table,  the  materia)  which  produces  the  greatest 

these  bodies  will  be  seen  to  fly  towards  effect   when  rubbed   with  glass    is  an 

the  surface  that  has  been  rubbed,  and  amalgam  (or  mixture)  of  mercury  with 

adhere   to    it  for  a  certain   time.     The  tin  or  zinc.    Whateverbe  the  substance 

surfaces  which  have  acquired  by  fric-  employed,  it   should   be  perfectly  dry ; 

tion  this  attractive  power  are  said  to  be  to  ensure  which  condition  it  sliould,  pre- 

txdtedi  and  the  substances  thus  sus-  viously  to  being  used,  be  held  for  soma 

ceptible  of  excitation  are  termed  eiec-  time  before  the  fire. 

(ncv,  in  contradistinction  to  such  aa  (10.)  When,by  attendingtothesepre- 

are  not  ■xcitable  t>y  a  similar  process  cautions,  &  iuSciently  poneiful  excite-< 
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nwnt  of  the  cylinder  hu  been  obtained,  (13.)    In  some  cases  it  »  more  con- 

we  may  obserre  several  other  remark-  venient  to  employ  a  pair  of  idmilnr 

mble  phenomena,  besides  those  of  &ttnu:-  balls,  anspended  from  a  bmss  ball  fixed 

tion.     If  the  experiment  be  performed  to  the  end  of  a  glass  handle,  hy  very  fine 

in  a  dark  room,  flashes  of  light,  of  a  ulver  wires,  or  by  hempen  threads,  pre- 

bluish  colour,  vrill  be  percdved  during  viously  steeped  in  a  solution  of  salt,  and 

the  friction,  extending  over  every  part  of  afterwards  dried.    See^g.2. 
the aur&ce rubbed;  luidspariis, amended 


vith  a  sharp  snapping  sound,  will  be 
seen  to  dart  around  it  in  various  direc- 
tions. If  a  round  body,  as  a  metallic 
ball,  be  presented  to  it,  and  moved  from 
one  end  to  the  other,  a  succession  of 
spaifes  will  be  obtained  as  the  ball  passes 
■long  the  surface ;  and  if  the  knuckle 
be  presented  instead  of  the  metalli' 
ball,  each  spark  will  be  accompanie-*  "- 
■  pricking  sensation.  When  the 
cited  cylinder  is  brought 
(aee.  an  unpleasant  sensatic 
is  felt  in  the  skin,  as  if  it  bad  been  uu- 
Tered  with  a  cobweli, 

(II.)    If  a  globe  of  metal  be  sus- 
pended in  the  air  by  silk  thi«adi,  and  if. 


Figi. 


(14.)    Cavftllo  h AS  contrived  an  elec- 
troscope of  the  same  kind,  which  has 
ipanied  by    the  advantai^  of  heine  more  portable 
-  "•-  ex-     than  that  of  Haiiy,  while  it  is,  perh^s, 
the     equally  sensible.     It  is  formed  by  two 
of  tickling    fine  silver  wires,  each  carrying  at  one 
of  their  ends  a  litlle  ball  inaile  of  cork, 
or  of  the  pith  of  the  dder  tree;  the 
other  ends  of  the  wires  heine  suspended 

_  __.  .     from  a  cork,  which  is  rather  long,  and 

while  in  this  situation,  it  be  rubbed  by  taperine  at  both  ends,  so  as  to  til  either 
an  electric,  such  as  silk,  fur,  or  the  wayinto  the  mouth  of  a  varnished  glass 
outside  of  the  skin  of  a  cat,  it  will  also  tube,  serving  both  as  a  Itandle  to  the 
become  electrical,  and  exhibit  the  same  instniment  when  in  use,  and  as  a  case 
properties  of  attraction  and  of  repulsion  for  it  when  carried  in  the  pocket.  When 
as  if  it  had  been  itself  an  electric.  The  it  is  to  be  employed  as  an  electroscope, 
circumstance  of  its  being  thus  insulated  the  wires  vrith  pith  balls  are  placed  so 
or  cut  oft'  from  the  contact  of  any  sub-  as  to  hang  out  from  the  end  of  the 
stance,  except  the  wr  and  the  electric  tube,  and  will  indicate  by  their  diver- 
wtueh  sustains  it,  is  essential  to  the  iuc-  gence  any  electricity  which  may  be 
cess  of  this  experiment.  communicated  to  them.  (,Fig.4.)  When 

(I2.J    Various  modes  have  been  de- 


Tised  tor  exhibiting  distinctly  the  attrac- 
tive and  repulsive  adenines  of  electricity ; 
and  lor  obtaining  indications  of  its  pre- 
■ence,  when  it  exists  only  in  a  feeble 
degree.  Instruments  for  this  purpose 
are  termed  Electrotcopet.  One  of  Uie 
simplest  of  these  is  the  Electroscope  of 
Haiiy,  which  b  very  similar  to  that 
formerly  proposed  by  Dr.  Gilbert.  It 
consists  of  a  light  met  aUic  needle,  ter- 
minated at  each  end  by  a  light  pith 
ball,  iriiich  is  covered  with  gold  jfiaf. 


Fig.  3. 


^ 


•nd  supported  horirontally  by  a  cap  at 

itseentre.onaSne  point  The  attractive  the  instrument  is  not  in  use,  the  wires 

or  repulsive  power  of   any  electrified  are  put  into  the  tube,  by  inverting  it, 

body  presented  to  one  of  the  balls,  will  and  closing  it  with  the  other  end  of  the 

be  m£aUed  by  the  movements  of  the  cork.  (Kr.  i.) 

psadk.  (lA->  Kotttadjiafitbtd 
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■ttending  electrical  attimction,  we  should     this  electric  influence  l>y  contact  with 

be  prsvided  nith  stands,  from  the  ends    the  excit«l  electric.  A  globe,  suspended 

of  which  ore  su-spended  bythdr  respec-     by  silk  threads,  as  the  pith  tiatla  an, 

and  which  has  extensivay  touched  the 

F^  9.  electric,  will  act  upon  these  balls  pre- 

ri  cisely  in  the   same  way  as  the  orinnal 

electiic  would  have  acted  upon  them, 
and  may  accordingly  be  substituted  for 
it  in  all  these  experiments.   It  is,  indeed, 
i  exactly  in  the   same  condition  as  the 

'  globe   rubbed   by  an   electric,   already 

uenlioned.  (j  11.) 
^y  Bk  ('9')     From  the  whole  of  these  fach 

C^_J^°5g^  we  necessarily  infer  that  the  electric  has 

imparted  1o  the  ball  or  globe  which 
tire  threads  one  or  two  pith  balls,  about     came  in  contact  with  it,  propertie: 


1  pea,  as  shown  u 


the  MM  of 
$  2.  Distribution  and  Tramfe 


aiAly  similar  to  those  which  had  Deen 
excited  in  itself  by  friction.  By  repeatRd 
contact  with  a  number  of  bodies,  an 
excited  electric  is  found  to  lose  its  elec- 
trical powers  in  the  same  decree  as 
near  a  pith  ball  suspended  by  silk,  %e  these  powers  have  been  acquired  by  the 
ball  will,  in  the  first  place,  approach  the  bodies  themselves ;  and  tresh  excitation 
electric  {fig,  6.),  indicating  an  attrac-  alone  can  renew  them.  It  is  evident, 
tion  towards  it,  and  if  the  position  of  then,  .that  the  unknown  agent,  which 
the  electric  will  allow,  the  ball  will  come  we  have  termed  Eluclrieitt/,  is  capable 
into  contact  with  it  and  adhere  to  it  for  of  transference,  in  the  same  sense  in 
a  short  time;  but  it  will  presently  after-  which  we  speak  ot' heat  being  commi.r.i - 
ward*  recede  from  the  electric,  shewing    cated  or  transferred  from  one  body  to 


that  it  is 


remove  the  electric,  and  present  t 


another,  and  that,  like  heat,  it  is  weak- 
ened by  diffusion  among  a  num))er  of 
bodies. 

(19.)  If  the  electrified  ball  be  touched 
with  the  finger,  it  will  l>e  deprived  of 
the  whole  of  its  electricity,  which  will 
pass  into  the  t>ody  of  the  person  who 
touches  it.  It  is  now  reduced  to  iti 
original  or  natural  state,  and  is  again 
susceptible  of  being  attracted,  eith^  by 
an  excited  electric,  or  by  another  body 
to  which  electricity  has  previously  been 
communicated. 

If  the  electrified   body,  instead  of 


the  ball  which  has  thus  touched  it,  a  beinjt  touched  with  tlie  finger,  had  been 

second  ball  which  has  had  no  previous  touched  by  a  rod  of  metal  held  in  the 

communication   with   any   electric,   we  hand,  the   effect  would   have  been  I  he 

find  that  these  two  baBs  attract  one  same  in  bolh  cases :  hence  we    may 

another,  and  come  into  contact.    The  infer  that  the  metallic  rod  is  callable 

same  actions  are  repeated  between  this  of  conveying  aivay  ft-om  the  body  Ihe 

second  ball  and  a  third,  which  may  be  whole  of  its  electricity.    But  if  a  glass 

presented  to  it ;  and  so  on  in  .succession,  rod  be  substituted,  the   result  is  very 

but  with  a  continued  diminution  of  in-  different ;  the  body  touched  is  found  Ic 

tensity.     This   diminution   plainly  indi-  retain  the  whole  of  its  electricity,  not- 

cates   a  diminished    power,   in   conse-  withstanding   the  contact   of  Hie  glass 

Suence,  as  it  would  seem,  of  its  being  rod.    We  are  thus  led  to  the  conclusion 

istributed  among  a  number  of  bodies,  that  some  substances,  such  as  glass, 

(17.)     In   the   prosecution   of  these  are  incapable  of  conducting  electricity  ; 

nperimenbi,  therefore,  the  effects  will  while  others,  such  as  the  metals  and 

be  more  distinct,  if,  instead  of  small  the  human  body,  readily  convey  that 

pth  bills,  we  employ  a  globe  of  metal  influence. 

of  lar^  size,  which  will  allow  of  the       (30.)    It  is  inTariably  found  that  all 

necphon  of  a  considerable  quantity  of  ri«etrie»  are,  at  the  aame  time,  non-em- 
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dueiort.  Conducton,  on  the  other  eeUinn  vuMium,  as  it  is  called,  there  i> 
band,  are  fion-eleclriei.  'Hie  tno  quft-  m  genersl  present  a  minute  portion  of 
lities  of  a  OHpability  of  excitation,  and  a  air,  as  well  as  of  merctiritd  vapour, 
power  of  conducting-  electricity,  appear  wluch  are  sufficient  to  conduct  electri- 
to  *»  incompatible  with  each  other—  rity.  Small  globules  of  air  usually 
for  the  one  is  always  found  to  diminish  adfiere  to  the  mercury,  and  to  the  sides 
in  proportion  as  the  other  increases,  of  the  tube  ;  and  these,  upon  the  re- 
Tliepermanenceof electricity inmetallic  moval  of  pressure,  expand  inio  an 
bodies,  which  are  suspended  in  the  atmosphere.  It  has  been  asserted  by 
air  by  silk  threads,  shows  that  the  sir  Mr.  Morgiin  that  if  great  care  be  taken 
as  well  as  the  silk  is  a  non-conductor,  to  remove  every  source  of  error,  tiy  the 
Bodies  which  are  in  this  way  surrounded  employment  of  very  pure  mercury,  and 
on  all  sides  by  non-conductors  are  s^d  by  boiling  it  for  a  long  time  in  the  tube, 
to  be  insulated.  When  this  condition  a  perfect  vacuum  may  he  obtained, 
is  not  observed,  that  is,  when  the  iKxly  which  does  not  conduct  electricity.  His 
is  in  contact  with  conducting  bodies  experiment,  however,  was  made  long 
which  communicate  with  the  earth,  its  ago,  and  requires  careful  repetition, 
electricity  will  escape  by  the  channel  before  the  result  can  be  confided  iru 
which  is  thus  operied  for  it,  and  will  be  (22.)  The  circumstance  which  chiefly 
lost  by  diffusion  in  the  mass  of  the  determines  the  conducting-  power  of 
earth,  which  is  formed  of  conducting  common  wr  is  that  of  its  containing  a 
materials,  and  which  may  be  regarded  as  greater  or  less  quantity  of  moisture. 
the  great  reservoir  both  for  the  absorp-  Water  is  a  very  good  conductor  of  elec- 
tion and  supply  of  electrid^.  Hence  tricity  ;  and  thM  portion  which  is  sus' 
we  see  why  it  is  not  possible  to  accu-  pended  in  the  air  tends  powerfully  to 
_  mulate  electricity  in  a  conducting  body  carry  off  electricity  from  the  tKidiea 
'  while  it  is  held  in  the  hand,  and  why  which  are  charged  with  it,  and  which 
electrics  alone  are -capable  of  penoanent  are  surrounded  by  air.  Moisture  also 
excitation.  easily  attaches  itself  to  glass  and  other 
(21.)  The  insulating  power  of  atmos'  electrics,  and  deprives  them  of  the 
pheric  air  depends  principally  upon  power  of  insulation.  Hence,  the  same 
two  circtunstances,  its  density  and  its  experiments  which  succeed  in  a  clear 
dryness.  Air  with  the  density  which  it  dry  day,  will  often  fail  when  tried  in 
hu  under  the  ordinary  pressure  of  tlie  damp  weather :  and  hence  we  see  the 
atmosphere,  if  perfectly  dry.isaremark-  utility  of  previously  diving  every  part 
ably  good  insulator,  even  although  it  of  the  apparatus,  in  order  to  exclude  aa 
be  rtq)id1y  renewed  on  the  surfaoe  of  much  as  possible  the  interference  of 
the  electrified  body.    This  is  shown  bv  moisture. 

an  experiment  of  Frarvklin's,  in  which  (S3.)  Hie  condacting  powers  of  most 

he  whurted  an  electrified  ball  round  his  bodies  are  influenced  tw  changes  of  tem- 

head,  by  means  of  a  silk  line,  with  great  pendtffe,  and  also  of  form:     Thus,  al- 

rapidity,  so  as  to  make  it  perform  many  though  water  in  its  Uquid  stale  is  aeood 

hundred    revolutions,    without    being  conductor,  yet,  when  congealed,  iff  the 

^le  to  perceive  that  it  had  thereti)^  lost  form  of  ice,  its  conducting  powers  are 

any  sensible  portion  of  ita  electridty.  much  impaired  ;  and  at  a  very  low  tem- 

Neitber  an  increase,  nor  a  diminution  perature,namelv,at— ]3°ofFahrenheit'8 

of  temperature,  appears  to  lessen  its  in-  scale,  cesses  altogether.    Mr.  Achard, 

Bulatin^  power.     But  in  proporiion  as  who  observed  this  fact,  formed  ioe  of 

the  air  is  rarefied  by  the  removal  of  the  this  temperature  into  a  spheroid,  and 

superincumbent  pressure,  its  power  of  mounting  it  upon  an  axis,  was  able  to 

confining  electricity  diminishes,  till,  at  excite  it  oyfriction  asanyotheretectric. 

last,  when  the  rarefaction  is  very  great.  On  the  other  hand,  l)y  raisinj?  the  lem- 

jt  opposes  scarcely  any  resistance  to  the  perature  of  water,  its  conducting  powers 

passage  even  of  very  feeble  electricity  ;  are  increased.    Charcoal  is  also  found 

and  it  may  be  then  classed  among  con-  to  transmit  electricity  with  more  facilitv 

ductors.    This  is  the  case  with  the  im-  when  hot,  than  when  cold.  Glaas.which 

perfect  vaouum  produced  by  the  air-  is  a  non-conductor  when  cold,  becomes 

pump,  from  which  It  is  almost  impos-  a  tolerably  good  conductor  when  heated 

sible  to  exclude  minute  q^uantities  of  toredpess;  and  a  similar  change  takes 

air.  Even  in  the  space  left  in  the  upper  place  in  sulphur  and  in  resinous  bodies 

part  of  the  tutie  of  a  barometer  bv  the  when  melted ;  and  also  in  l»ked  wood 


air.  Even  in  the  space  left  in  the  upper  place  in  sulphur  and  in  resinous  bodies 
part  of  the  tutie  of  a  barometer  bv  the  when  melted ;  and  also  in  l»ked  wood 
aetcent  of  the  mercuiy,  or  the  Toni-    when  heated.    Reducing  substance!  to 
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powder  hu  often  an  eSetA  upon  their 
powers  ofconductine  electricity.  Snow 
conducts  less  readily  than  ice  of  the 
same  tcmper&ture.  The  Eame  ia  the 
case  with  powdered  churcoal,  when 
compared  ivith  the  some  substance  in 
its  entire  state.  But  glass,  on  tlie  con- 
trary, acquires  some  conducting  power 
by  being  pulveriied,  as  waa  ascertained 
bv  Van  Swinden,  who  extended  the  same 
observation  to  sulphur. 

Many  bodies,  which,  in  their  usual 
state,  arc  good  conductors  of  electricity, 
lose  this  power  when  they  are  made 
vciy  dry.  This  is  the  case  with  recent 
-vegetable  and  animal  substances,  their 
conducting  power  appearing  to  be  de- 
rived  solely  from  the  fluids  Ihey  con- 

(24.)  Strictly  speaking,  Ihere  is  no 
substance  hitlierto  known  that  is  per- 
feclly  impervious  to  electricity  ;•  for  the 
intensity  of  that  agent  may  be  so  in- 
creased as  to  force  it,  for  acertain  small 
distance,  through  all  bodies :  neither  is 
there  any  body  in  which  the  conducting 
power  is  infinitely  great ;  thai  is,  whii^ 
opposes  no  resistance  to  the  transmission 
of  electriraly.  If  the  degree  of  conduct- 
ing power  which  bodies  possess  could 
be  ascertained  with  sufficient  precisiion, 
they  might  be  arranged  in  progressive 
order ;  hut  Ihe  present  state  of  our 
knowledge  affords  only  an  approxima- 
tion  to  such  a  series.  As  a  table  of 
this  kind,  however,  with  all  its  imper- 
fections, may  be  of  great  use,  we  sub- 
ioin  the  following,  in  which  (liedifferent 
bodies  are  arran^  in  one  series,  begin- 
ning with  those  which  have  thegreatest 
conducting  power,  and  terminating  with 
those  that  have  the  least.  The  order  in 
whjclj  they  possess  the  power  of  insu- 
lating is,  of  course,  the  reverse  cfthia. 

Catalogue  of  Bodies  in  the  Order  oflheir 
conducting  Power. 

The  perfect,  or  least  oxidable  metals. 
The  more  oxidable  metals. 
Charcoal  prepared  from  the  harder 

woods,  and  well  burned. 
Plumbago. 

The  concentrated  mineral  acids. 
Powdered  charcoal. 
Dilute  acids. 

Solutions  of  metallic  and  neutral  salts. 
Metallic  ores. 
Animal  fluids. 
Pin*  wattn-. 

living  T<«etable«. 


Living  Bnimnli. 
Flanie. 

Smoke 

Metallic  salts 

Salts  with  alkaline  or  eartliy  baaea. 

Rarefied  air. 

Vapour  of  aJcohoL 

Vapour  of  ether. 

Earths  and  stones  in  their  oidinarf 

state. 
Pulverized  glass. 
Flowers  of  sulphur. 

Dry  metallic  oxides. 

Oils. 

Ve^table  ashes. 

Animal  ashes. 

Dry  transparent  crystals. 

Ice  below  — 13°  Fabrenhnt. 

Phosphorus. 

Dry  chalk. 

Native  carbonate  of  barytes. 

I.ycop  odium. 

Caoutchouc,  or  Indian  rubber. 

Camphor. 

Siliceous  and  aigillaceouR  stones  in 

proportion  to  liieir  hardness. 
Dry  marble. 

Baked  wood, 

Dry  atmospheric  air,  and  other  gases. 

While  su^ir,  and  sugar  cryslaliiied. 

Leather. 

Dry  parcltmenl. 

Dry  paper. 

Cotton. 

Feathers. 

Hair,  especially  that  of  a  living  cat. 

Wool. 

Dyed  silk. 

Bleached  silk. 

llaw  silk. 

Transparent  gems. 

Diamond. 

Talc. 

MetalUc  vitrifications. 

Glass,  and  other  vitrifications. 

Fat 

Wax. 

Sulphur. 

Keains,  and  tntuminoua  substances. 

Gum-lac 

Although  the  precise  point  in  tlie 
scale  which  forms  the  separation  be- 
tween conducting  and  insulating  bodies 
must,  of  course,  be  somewhat  indefinite, 
we  have  endeavoured  to  mark  it  liy  the 
division  in  the  above  taUe. 

(29.)  It  appean,  from  tbe  eiperimenti 
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of  Hr.  Coulomb,  ttiat  a  thread  of  f^fim-  the  imperfection  of  the  msulatiDg  pro- 

lae  is  the  most  perfect  of  rJ  insulators,  perty  in  the  solids  by  which  it  ia  aup- 

Uid  ia  ten  times  more  effectual  than  a.  ported.     Secondly,  the  contEict  of  suc- 

ailk  thread  as  dry  as  it  can  be  made ;  cessive  portions  of  air,  every  particle  of 

for  the  former,  when  oniy  one  inch  and  which  CBnies  off  a  certiun  quantity  of 

a  half  in  length,   insulated  as  well  as  electricity.    Thirdly,  the  deposition   of 

a   tine   silk  thread  of  fifteen  inches,  moisture  upon  the  surfBce  of  the  insu- 

When  the  thread  of  silk  was   dipped  lating  body,  which  establishes  commU' 

in  fine  seelin^wax,  it  was  equal  in  nications  with  its  remote  ends,  and  may 

K>wer  to  a  thread  of  pure  lac  of  be  considered  as  virtually  increasing  its 
ur  times  its  length.  Professor  Ro-  conductintt  power. 
bison  found  that  the  conducting  power  (27.)  Witt)  r^ard  to  the  first  cause, 
of  aiik  thread  depends  greatly  on  its  Mr.Coulomb  has  completely  aaoertained 
coloiu" ;  or,  in  other  words,  on  the  nature  that  for  all  fine  cylinorical  fibres,  such 
of  thednig  with  which  it  is  dyed.  When  as  hair,  silk,  filaments  of  gum-lac,  8tc. 
of  a  brilliant  white,  or  a  black,  its  con-  if  (he  nature  of  the  substance,  the  dia- 
ducting  power  is  the  greatest;  and  a  high  meter  of  the  fliire,  and  the  dispersive 
golden  yellow,  or  a  nut  brown,  renders  state  of  the  air  are  supftosed  constant, 
it  the  best  insulator.  Glass,  even  in  its  the  length  of  the  fibre  requisite  tor  the 
dryeat  slate,  and  in  situations  where  it  complete  insulation  of  a  given  intensify 
was impossiblethatrooisturecould  have  of  etectricity,  varies  as  Uie  square  of 
access  to  it,  is  stated  by  the  same  author  that  intensify.  Theory,  therefore,  leads 
toinsulaleconsiderablybetter  than  silk;  to  the  conclusion  that,  however  great 
and  when  drawn  into  a  slender  thread,  may  be  the  intensity,  there  is  always  a 
and  coated  with  gum-lac,  it  acted  as  certain  length  beyond  which  a  filament 
well  as  a  thread  of  lac  of  one-third  of  of  any  of  these  bodies  becomes  a  perfect 
the  length.  It  waa  found,  however,  at  insulator ;  and  we  find,  in  practice,  that 
the  same  time,  that  extreme  fineness  by  diminishing  the  intensity  of  the  elec- 
wa»  requisite  ;  for  it  dissifwited  in  pro-  tneity,  or  increasing  the  length  of  the 
portion  to  the  square  of  its  diameter,  substance  it  has  to  traverse,  a  sufficiently 
The  insulating  power  of  glass  is  remark-  accurate  d^ree  of  insul^ion  may  be 
ably  injured  l^  having  a  bore,  however  obtained.  With  respect  to  the  second 
fine,  unless  that  bore  admits  of  being  source  of  dissipation,  it  was  found  that 
also  coated  with  lac.  Human  hair,  in  a  given  state  of  the  atmosphere,  as 
when  complelelv  freed  from  erer^  thing  far  as  it  could  be  determineo  by  th« 
that  water  could  wash  out  of  it,  ana  indications  of  the  barometer,  thermo- 
then  dried  by  lime,  and  coated  with  lac,  meter,  and  hygrometer,  the  dissipation 
was  equal  to  silk.  Fir,  cedar,  larch,  at  each  instant  of  time,  varied  directly 
and  the  rose-tree,  when  split  into  flla-  as  the  intensify  of  the  electricity. 
ments,  and  lirst  dried  by  lime,  and  after-  (28.)  There  is  one  very  material  cir- 
wards  baked  in  an  oven,  which  just  cumstance  relating  to  the  dissipation  of 
made  paper  become  faintly  brown,  electricity  that  should  here  be  men- 
seemed  scarcely  inferior  to  gum-lac.  tioned,  although  its  explanation  roust 
The  while  woods,  as  they  are  called,  and  be  deferred  till  the  principles  on  which 
mahogany,  were  much  inferior.  Fir,  it  depends  have  been  developed;  and 
baked  and  coatedwilhmelted  lac,  seems,  it  is,  that  the  power  of  retaining  elec- 
therefore,  the  best  support  when  strength  tricity  in  any  oody  is  much  influenced 
i*  required.  The  lac  may  be  rendered  by  its  shape.  The  form  most  fovourabl« 
less  brittle  by  a  minute  portion  of  pure  to  its  retention  is  that  of  a  sphere ;  next 
turpentine,  which  has  been  clear^  of  to  which  is  a  spheroid,  and  a  cylinder 
water  by  a  little  tioiling,  without  sensi-  terminated  at  both  ends  by  a  hemi- 
bly  increasing  its  conductinf^  power,  sphere.  On  the  other  hand,  electricity 
Lae,  or  sealing-wax,  dissolved  m  spirits,  escapes  most  readily  fhim  bodies  of  a 
ia  far  inferior,  for  these  purposes,  to  pointed  figure,  especially  if  the  point 
what  it  is  when  melted  by  heat  projects  to  a  distance  from  the  surface. 
(26.)  The  laws  which  regulate  the  In  such  bodies  it  is  scarcely  possible, 
gradual  dissipation  of  electricity  fhim  indeed,  to  accumulate  any  sensible  de- 
Dodies  in  a  state  of  imperfect  insulation  gree  of  electricity,  on  account  of  its 
have  been  inve-stigated!  with  great  abilify  rapid  dissipation  fit>m  the  point.  In 
by  Coulomb.  Three  causes  chiefly  like  manner  pomted  bodies  receive  elec* 
operate  in  depriving  a  body  under  these  tricily  more  readily  th*»  thos«  of  any 
«— „«^. f  its  electnoty :— Rret,  other  form, 
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$3.  Of  the  tieo  tpeciei  of  Ehetridty.  they  neverthdess  exhibit  in  all  their  rela- 
tinns  to  each  other  a  martced  contririety 

(29.)  We  have  hitherio  viewed  elec-  of  nature.     Henca  they  are  naturaJly 

trtcal  phenomena  as  arising  from  the  viewed  aa  agents  having  opposite  quali- 

operatinn  of  a  single  agent,  which  could  ties,  which  completely  neutralize   ona 

be  called  into  action,  and  txansferred  another  by  combination, 

from  one  body  to  another.    We  have  (32.)    Another  remarkable  circiim- 

seen  that  bodies,  which  have  received  stance  vi^ich  characteiizes  these  agents, 

Iheir  electricity  from  excited  glass,  repel  is,  that  the  excitation  of  one  species  of 

one  another,  and  are  likewise  repelled  electricity  is  always  accompanied  by  the 

by  the  excited  glass.    The  same  thing  excitation  of  the  other ;  and  both  are 

happens  with   respect  to  those  bodies  produced  in  equal  degrees.   Thus,  when 

which  have   received  their  electricity  glass  is  rubbed  by  silk,  or  flannd,  just 

irom  excited  sealing-wax.    But  upon  as  much  resinous  electricity  is  produced 

examining  the  action  of  any  of  the  do-  in  the  silk,  or  flannel,  as  there  is  vitreous 

dies  belonging  to  tlie  one  set,  upon  any  electricity  produced  in  the  glass ;  am? 

of  thosebelon^ng  to  the  other,  wefind,  whatever  electrified  bodies  are  repelled 

that  instead   of  repelling,  they  attract  l:y  tlie  one  are  attracted  in  the  same 

each  other,     liius,  the  ball  which  has  degree  bv  the  other.    If  one  of  the  sub- 

recdved  its  electricity  from  the  glass,  stances  happen  to  l)e  a  conductor,  and 

attracts  that  which  has  Iwen  electrified  be  held  in  tlie  band,  the  whole  of  the 

by  the  seahng-viax,  and  is  attracted  by  electricity  which  the  friction  excites  in 

it;  but,  what  is  still  more  remarkable,  it  will  disappear  as  soon  as  it  is  pro- 

the  moment  these  balb  have  come  into  duced,  from  its  escaping  through  tlie 

contact,  provided  they  have  both  been  body  of  the  person  holdine  it,  and  being 

electrified  in  the    same    degree,  they  lost  in  the  earih.    But  if  the  precaution 

ceaae  at  once  to  exhibit  any  signs  of  be  taken  of  insulating  the  rubber,  its 

electricity,  aa  if  the  electricibes  of  Iwth  electricity  will  become  manifest,  and  is 

were    suddenly    annihilated    by    their  always  found  to  be  of  the  opposite  epe- 

mutual   communication.     Thus  there  cies  to  that  which  is  exdted  in  the  body 

tq)pean  to  be  two  different,  and,  in  which  is  rubbed. 


some  respects,  opposite  kinds  of 
tricities ;  the  one  obtained  from  gli 
the  other  from  sealing-wax.    Du  Fay, 
by  whom  this  distinction  was  first 
ticed,  denominated  the  former  the 


(33.)  Since  the  two  surfaces  rubbed 
acquire  opposite  electricities,  it  follows 
as  a  consequence  of  the  law  above 
stated,  that  Uiey  must  attract  one  ano- 
ther ;  and  this  is  found  invariably  to  be 


trtoiu,  and  the  latter  the  rmnoui  elec-  the  case.  If  a  white  and  a  black  ribbon 
tticity.  of  two  or  three  feet  long,  and  perfectly 
(30.)  The  mode  of  action  which  these  di-y,  be  applied  to  each  other  by  theu: 
two  electricitjea  exert  on  matter,  may  flat  surfaces,  and  are  then  drawn  re- 
be  expressed  by  the  following  law :  peatedly  between  the  finger  and  thumb, 
namely,  that  bocRet  charged  uritH  either  so  as  to  rub  against  each  other,  th<^ 
*peciei  Iff  electricity, repel  bodiet  charged  will  be  found  to  adhere  together,  and  if 
wilh  the  tame  tpedei,  but  attract  bodies  pulled  asunder  at  one  end,  will  rush 
charged  with  the  other  »pecie$ ;  mui  that,  together  with  great  quickness.  While 
at  ettuai diatancet,  the  attractive potoer  unitedlhey  exhibit  no  signofelectrici^, 
-■■»  the  one  cote  u  exactly  equal  to  the  because  the  operation  of  the  one  is  just 


repulsive  pouxr  in  the  other.  the  reverse  of  that  of  the  other,  and 

Accordan^y,  if   we   wish   to   ascer-     their  power  is  neutralized  and  inopera- 

tain  what  is  the  species  of  electricity    live.     If  completely  separated,  now- 


hich  a  pven    body  is  cliarged,  ever,  each  will  manifest  a  strong  elec- 

we  have  only  to   approach    it   to  a  trical  power,  the  one  altrncting  tliose 

smalt   insulated   pith  ball,  which   has  bodies  which  the  other  repels, 
previously  been  touched    either    with        (34.)  Tlie  very  act  of  separation  is 

excited  glass  or  with  excited  sealing-  accompanied  by  appearances  which  in- 

wax.    If  the  body  in  question  repel  it  dicate  that  considerable  portions  of  the 

in  the  former  case,  or  attract  it  in  the  electricities  excited  on  each  of  tlie  sur- 

latler,  its  electrici^  is  vilreous  ;  if  the  faces  fly  back  to  the  opposite  surface, 

contrary  happens,  it  is  resinous.  and  by  their  union  become  as  it  were 

(31.)  Although  eachofthesetwoelec-  extinguished  or  inoperative;  and  it  is 

tricities,  when  taken  separately,  acts  in  only   the  remaining  quantities  which 

a  manner  precisely  similar  to  the  other,  have  adhered  mora  tenadoWy  to  tb» 
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■urfcoes,  that  retain  their  activity.  When  olher,  the  one  which  hu  suffered  &io- 
the  experiment  ia  made  in  the  dark,  tion  in  its  whole  length  acquires  vilreoui, 
flashes  of  light  attend  these  sudden  ex-  and  the  other  resinous  electricity.  In 
changes  of  electricity,  passing  between  like  manner,  when  the  whole  leni^  of 
the  two  Burikces.  and  accompanied  with  the  bow  of  a  violin  is  drawn  over  a 
a  nisthmt  noise.  limited  part  of  the  string,  (he  hairs  of 
(33.)  Numberless  experiments  have  tliu  bow  exhibit  a  vilrcous,  and  the 
been  made  with  a  view  of  asceriwning  string  a  resinous  electticity,  the  body 
the  conditions  that  determine  the  species  whose  excited  portion  19  of  tlie  least 
of  electricity  excited  in  the  respective  extent  being  generally  found  to  be  re- 
bodies  of  which  the  surfaces  are  made  sinously  electrified.  But  in  truth,  the 
to  rub  againsteach  other,but  they  have  slightest  difference  in  the  conditions  of 
led  to  no  satisfactory  conclusion.  The  these  and  similar  experiments  on  the 
mechanical  configuration  of  the  surface  species  of  electricity  arising  from  fric- 
appears  to  have  a  greater  influence  in  tion,  will  be  often  sufficient  to  produce 
the  result  than  the  peculiar  nature  of  opposite  results. 

the  substance  itself.    If  a  plate  of  dass  (36.)   Electrical  excitation  may  also 
with    a   polished    surface   be    rubbed  be  produced  by  the  friction  of  liquids 
against   one  which   is   roughened,  the  or  of  gases  against  solid  bodies.     This 
former  always  ac(]uires  the  vitreous,  is  the  case  when  mercury  is  made  to 
and  the  latter  the  resinous  eleclrieity.  fall,  in  a  fine   shower,   under  the  ex- 
No  apinvach  to  an  explanation  of  this  hausted  receiver  of  an  air-pump,  against 
pecuharilyhas  ever  been  made.  Smooth  the  glass.    If  a  current  of  atmospheric 
riass   acquires   vitreous    electricity   by  air  be  directed  against  a  pane  of  ^oss, 
ftiction  ivith  almost  every  substance,  by  means  of  a  pair  of  bellows,  the  glas« 
except  the  bat-k  of  a  cat,  which  gives  it  becomes  vitreously  electrified. 
the  resinous  eleclricily;  but  roughened  ,  ^    ,   ,    .. 
glass,  if  rubbed  with  the  same  sub-  S  '*■  ^'^auciton. 
stances,  becomes  charged  with  resinous  (37.)  Another  class  of  electrical  phe- 
electricity,  while  the  ruobing  bodies  ae-  nomena  must  here  be  noticed.    When- 
quire  the  vitreous.  Sealing-wax,  rubbed  everabodyis  charged  with  electricity, 
withaaironchain,acquires,if polished,  although  it  be  periectly  insulated,  and 
the  resinous  electricity;  but  if  its  sur-  of  course  all  escape  of^that  electricity 
fkce  is  previously  rough  with  scratches,  prevented,  it  tends  to  produce  an  elec- 
the  vitreous.     Silk,  rublied  by  resin,  trical  state  of  the  opposite  kind  in  all  the 
takes  the  vitreous,  but  with  polished  bodies  in  its  vicinity.  Thus  the  vitreous 
class,  the  resinous  eiectricity.    The  fol-  electricity  tends  to  induce  the  resinous 
bwing  b  a  list  of  several   substances  electricity  iiba  body   that   is   situated 
which  acquire  vitreous  electricity  when  near  it ;  and  this  with  greater  energy, 
rubl>ed  with  any  of  those  which  follow  as  the  distance  is  smaller.     This  effect' 
it  in  the  order  in  which  they  are  set  is  termed  the  induction  of  electricity, 
down ;  and  resinous  electricity  if  rubtjed  and  may  be  ranked  among  the  general 
with  any  of  thosa  which  precede :—  facts,  or  laws  of  the  science.    The  fur- 
ther development  of  the  consequences 
The  back  of  acaL  it  leads  to,  must,  for  the  present,  be  post- 
Polished  glass.  poned,  as  we  shall  hereafter  be  twtter 
Woollen  Soth.  urepared  to  understand  them.  But  there 
Feathers.  is  one  of  its  results  which  we  shall  now 
Wood.  point  out,  as  it  refers  inuneihately  to 
Paper.  the  phenomena  that  have  already  occu- 
SilK.  pied  our  attention. 
Gum-lac.  (38.)  If  an  electrified  body,  charged 
Roughened  glass,  with  either  species  of  electricity,  be  pre- 
sented to  an  unelectrified  or  neutral 
In  the  experiment  just  mentioned,  in  twdy,  its  tendency,  in  consequence  of 
which  a  black  and  a  white  ribbon  are  the  law  of  induction,  is  to  disturb  the 
rubbed  together,  the  former  is  found  to  electrical  condition  of  the  difierent  parts 
be  resinously  and  the  latter  vitreously  of  the  neutral  body.  The  electrified  body 
dectrified.     But  if  two  pieces  of  the  induces  a  state  of  electricity  conlraiy 
same  ribbon  of  the   same  length  be  to  its  own  in  that  part  of  the  neutral 
nibbed,  the  one  twing  drawn  lengthwise  body  which  is  nearest  to  it ;  and  conse- 
kdA  at  right  angles  over  ft  put  of  tha  quentlyaatateofelectiici^iiinilartoitft 
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ovn  in  the  remote  part.  Hence  the  neu-  CsAPTBa  II. 
tralityof  the  second  body  is  destroyed  by  7«*_-„  „/  pt^i^wt^ 
the  Mtion  of  the  first;  and  the  a^acciit  ntortK  of  Eleclnatj/. 
parts  of  the  two  bodies,  having  now  (40.)  It  is  impossible  to  arrive  at  the 
opposite  electricities,  nil!  attract  each  f\ill  comprehension  of  the  multifiirious 
other.  It  thus  appears,  that  the  atti'ac-  focts  relating  to  any  of  the  physical 
tion  which  is  ooserved  to  take  place  sciences  without  the  aid  of  some  lead- 
between  electrified  bodies  and  those  ing  principles,  or  modes  of  viewing 
that  are  unelectrified,  is  merely  a  con-  them,  by  which  their  connexions  can 
sequence  oF  the  altered  Htate  of  those  be  represented  to  the  mind,  so  as  to 
bodies,  resulting  directly  fi-om  the  law  combine  them  into  an  intelligible  system. 
of  induction ;  and  that  it  is  by  no  We  be^n  by  classing  the  different 
means  itself  an  original  law,  or  primary  agents  m  nature,  desi^atins  them  by 
&ct  in  the  science.  specific  names ;  we  next  endeavour  to 
(39.)  The  effects  of  induction  will  conceive  these  agents  as  possessed  of 
be  in  proportion  to  the  facitit}r  with  certain  powers  or  qualities  adapted  to 
which  changes  in  the  distribution  of  the  production  of  the  observed  effects. 
electricity  among  the  ditferent  parts  of  In  the  case  of  light,  for  example,  we 
a  body  can  l>e  effected,  a  facility  wliich  may  conceive  the  phenomena  to  result 
corresponds  with  the  conducting  power  from  the  action  of  materia]  particles, 
of  the  body.  Hence  the  attraction  ex-  emanating  in  all  directions  from  the  lu- 
erted  Ity  an  electrified  Ixidy  upon  ano-  minous  body,  and  obeying  certain  laws 
ther  body  previously  neutral,  will  be  in  their  course  ;  or  we  may  adopt  ano- 
much  more  encr^tic  if  the  latter  t>e  a  ther  hypothesis,  namely,  that  they  pro- 
conductor,  than  if  it  be  an  electric,  in  ceed  from  tlie  undulations  of  an  elastic 
which  these  changes  can  take  place  medium  pervading  space.  By  employ- 
only  to  a  very  small  extent  This  is  ing  either  the  one  or. the  other  of  these 
confirmed  by  the  following  experi-  hypotheses,  we  acquire  great  faciUty  in 
ment :  suspend  by  fine  silk  threads  of  tracing  the  connexions  of  the  uheno- 
e^ual  lengtn,  two  small  halls  of  equal  mena  of  optics,  and  retuning  l}iem  in 
dimensions,  both  made  of  gum-lac,  our  minds.  This  advantage  is  not  im- 
but  one  having  its  surface  covered  mediately  dependent  on  the  truth  of  the 
with  gold  leaf.  Place  these  two  pen-  particular  hypothesis  we  employ  for 
duluras,  as  they  may  lie  called,  at  a  that_purpose:  for,  in  the  example  before 
little  distance  ft-om  one  another,  so  as  lis,  it  is  evident  they  cannot  both  be 
to  admit  of  a  comparison  of  their  mo-  true,  and  yet  they  both  answer  thii 
tions ;  and  then  present  to  them  an  end.  But,  of  course,  the  utihty  of  Bn 
excited  electric,  which  may  be  either  a  hypothesis  vrill  be  proportionate  to  the 
tube  of  glass,  or  a  cylinder  of  sealing-  degree  of  exactness  with  which  it  BC- 
wax.  It  will  at  once  be  seen  that  the  coras  with  the  phenomena.  No  incon- 
ball,  with  a  metallic  covering,  which  venience  can  arise  from  its  adoption,  aa 
readily  admits  of  the  Irangfer  of  elec-  long  as  we  bear  in  mind  that  our  ree- 
tricily  from  one  aide  to  the  other,  will  sonings  are  fbunded  on  a  mere  hjrpo- 
be  much  more  readily  and  powerfully  thesis,  and  as  long  as  we  hold  our- 
attracted,  than  the  other  boll  which  selves  in  readiness  to  abandon  it,  the 
allows  of  no  motion  in  its  electricity,  moment  we  meet  with  facts  with  which 
The  latter  ball  will,  b^  alow  degrees,  it  is  decidedly  inconsistent 
however,  assume  electrical  states  of  the  (41.)  The  hypothesis  which  naturally 
saroe  kind  as  the  gilt  ball,  and  vfill  be  suggests  itself  for  the  explanation  of 
feebly  attracted.  As  this  change  is  very  electrical  phenomena  is  that  of  a  ytnj 
slowly  effected,  so  it  is  more  permanent  subtile  and  highly  dastic  fluid,  pervad- 
when  once  produced;  and  the  plain  ing  tlie  earth  and  all  other  material 
ball  adheres  for  a  considerable  time  to  bodies,  but  itself  devoid  of  any  sensible 
the  electric  wtuch  has  attracted  it.  The  gravity.  We  must  suppose  this  fluid 
gilt  ball,  on  the  contrary,  is  sooner  re-  to  be  capable  of  moving,  with  various 
pelled,  hjf  its  readily  receKing  the  degrees  of  facility,  through  the  pores  or 
charge  of  electricity  unparied  to  it  tiy  actual  substance  of  di&rent  kinds  of 
the  electric.  A  degree  of  permanent  matter.  In  some,  ta  in  those  we  call 
electrici^,  however,  is  also  induced  on  amduelort,  or  non-electrics,  such  u 
this  ball,  in  consequence  of  its  gradual  the  metals,  it  moves  without  any  per- 
jienetratioki  into  the  substance  of  the  ceivable  obstruction  :  but,  in  glass, 
gum-lac  retin,  and.  in  genersl,  in   tU  bodies 
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«Klled  deetriei,  or  non-eonduetort,  it  to  the  plasi ;  the  resinona,  to  the  unal- 

moves  with  great  difficulty.    Moreover,  gam.     What  remains  in  each  surface 

aa  the  phenomena  appear  to  point  out  undecomposed   continues  to  be  quite 

the  existence  of  two  distinct  kinds  of  inert,  and  has  no  otherinfluence  on  the 

agencies,  we  may  fiirther  assume  that  phenomena,  than  being  ready,  on  the 

there  are  two  distinct  itpecies  of  electric  continuance  of  the  decomposing  action, 

fluid,  which  we  shall,  for  the  present,  to  furnish  a  fresh  supply  of  both  fluids 

name  the  cifreou*  and   (he  rMinou*  to  the  t)odies  in  the  vicmily. 

electricitiet.     They  must   each  have,  (44.)    Dulributiott.    Each  of  these 

■when  separate,  the  same  general  pro-  fluids,  being  highly  elastic,   their  par- 

pertles  as  have  already  Men  eniirae-  tides  repel  one  another  with  a  ^rce 

rated ;  but,  in  relation  to  each  olher,  which  increases  in  proportion  as  their 

there  must  be  a  complete  contrariety  in  distance  is  less :  and  this  force  acts  at 

their  natures,  so  that  when  combined  all  distances,  and  is  not  impede'd  by  the 

together,  their  actions  on  the  bodies  in  interposition  of  hodie;  of  any  kind,  pro- 

their  vicinity,  or  on  the   particles  of  vided  they  are  not  themselves  in  an 

cleelric  fluid  contained  in  those  bodies,  active  electrical  state.    fVom  the  most 

arc  exactly  balanced;   and  all  visible  careful  analysis  of  the  phenomena,  it 

action  ceases.    It  is  in  this  state  of  has  been  deduced  that  the  enact  law  of 

union,   in   which   they   perfectly  neu-  thisforce  is  the  sameas  thatof^vi- 

traliie  one  another,  that  thev  exist  in  tation,  namely,  that  its  intensity  la  in- 

hodies  which  may  be  said  to  Sein  (heir  versely  as  the  squartfof  the  distance. 

natural  itale  with  regard  to  electricity.  The  mode  in  which  the   electricity 

(43).  Thus,   then,  maj'   the  problem  imparted  to  a  conducting  body,  or  to  a 

be    solved,    in  which   it.  is  required  system  of  conductors,    is  distributed 

to   conceive   an    agent,  analogous,   in  among  its  different  parts,  is  in  exact 

many  respects,  to  other  known  a^nts,  conformity  to  the  results  of  this  law,  as 

and  to  assign  to  it  such  properties  as  deduced  by  mathematical  investigation, 

will,  in  their  results,  correspond  to  all  But  we  reserve  the  examination  of  this 

the  observed  phenomena.     In  order  to  subject  for  a  future  chapter, 

apply  to  it  this  latter  test,  we  must  While  the  particles  of  each  fluid  repel 

trace  all  the  consequences  which  flow  those  of  the  same  kind,  they  exert  an 

from  the   suppositions  we  have  made,  equally  strong  attraction  for  the  particles 

andslrictiy  compare  them  with  the  fects  ofihe  other  species  of  electric  fluid.  This 

both  as  presented  to  us  by  nature,  and  attraction,  in  like  manner,  increases  with 

as  resulting  from  experiment    These  a  diminution  of  distance,  and  follows 

facts,  it  will  be  recollected,  are  redu-  the  same  law  as  to  its  intensity,  namely, 

cible  to  those  irf  excitation,  attraction,  that  of  the  inverse  ratio  of  lie  square 

and  repulsion,  distribution,  induction,  of  the  distance.    This  force,  also,  is  not 

and  Iransference.  affectedby  the  presence  of  any  interven- 

(43.)  £xcilati(M.  iVom  various  ing  hody. 
causes,  of  which  the  friction  of  sur-  (45.)  Transference.  Since  the  two 
faces  is  one,  the  state  of  union  in  electricities  have  this  powerM  attrac- 
which  the  two  electricities  naturally  tion  for  each  other,  they  would  always 
exist  in  bodies,  is  disturbed;  their  flow  towards  each  otlier  and  coalesce, 
lutent  powers  are  called  forih  by  their  were  it  not  for  the  obstacles  that  are 
separation;  the  vitreous  electricity  is  opposed  to  their  motion  by  the  nou-con- 
impeDedinonedirection,whilethereBin-  ducting  properties  of  electrics.  When 
ous  is  transferred  to  tlie  opposite  side  ;  these  obstacles  are  overcome,  and  a  tree 
and  each  can  now  manifest  its  pecu-  channel  is  open  for  the  passage  of  the 
liarenergies.  When  accumulated  in  any  electricities,  tliey  rush  into  union 
body,  or  part  of  a  body,  each  fluid  acts  with  great  force  and  velocity,  producing, 
in  proportion  to  its  relative  quantity,  in  their  transit  and  confluence,  seve- 
thal  is,  to  the  quantity  which  is  in  excess  ral  remarkable  effects.  After  their 
above  that  which  is  still  retwned  in  a  coalescence,  their  power  seems  to  be 
state  of  inactivity  by  its  union  with  at  once  annihilated,  or,  more  properly 
elecbridty  of  the  opposite  kind.  Thus  speaking,  it  remains  dormant,  until  call- 
when  glass  is  nibt>ed  with  a  metallic  ed  into  play  by  the  renewed  separation 
amalgam,  a  portion   only  of  the  elec-  of  the  fluids. 

tricities  at  the  two  surfaces  is  decom-  (46.)  Attraction  and  Repultion.  The 

posed  ■  the  vifreous  electricity  resulting  repulsion  wliich  is    observed  to  take 

com  tins  decompotition  attaches  itaeli  place  between  bodies  that  are  insulated 
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and  chtu-gtd  with  any  one  Bp«ciei  of  tUte,  it  must  rppel  the  particles  of  th« 

electricity,    for  other  bodies    similarly  saroo  dectricity  in  all  Gurrouading  bo< 

chai'ged,  is  derived  from  the  repulsive  dies,  and  attract  thoie  of  the  opponte 

power  which  the  particles  of  this  fluid  jpecies :  or,  in  other  words,  it  tends  to 

exert  towards  those  of  their  own  species,  decompose  their  united  electricities,  ac- 
Let  us  suppose  a  bodv  chaj^ed  with  cumulating;  the  electricity  of  tJie  oppo- 
electricily  lo  be  suspended  in  the  air,  or  site  species  tOiTBrds  the  nearest  aide, 
otherwise  surrounded  by  a  non-coO'  and  impelling  that  of  the  same  species 
ductini;  medium,  which  allows  it  to  towards  the  remote  side.  The  body 
move  freely.  As  long  as  this  body  i«-  thus  acted  upon  is  no  longer  neuUai, 
mains  alone,  the  outward  pressure  although  it  contains,  on  the  whole,  its 
ivhieh  the  electric  fluid  exerts  against  naturdi  quantities  of  both  electricities ; 
the  insulating  medium  that  confines  it,  but,  in  consequence  of  their  partial  dis- 
will,  by  the  laws  of  hydrostatics,  be  tribution,  electrical  appearances  will  be 
equal  on  all  sides  ;  and  the  body,  thus  exhibited  in  its  different  parts.  The 
balanced  by  equal  and  opposite  pres-  further  prosecution  of  this  branch  of 
sures,  will  have  no  tendency  to  move,  the  subject  must  also  be  postponed  to  a. 
But  if  another  body,  similarly  circum-  subsequent  chapter,  our  present  ol.'ject 
stanced,  be  brought  new  it,  the  repul-  being  merely  to  point  out,  in  a  general 
sive  action  between  the  similar  ele^-  way,  the  coincidence  of  the  fundamental 
cities  contained  in  these  t>odies,  will  facts  with  the  proposed  theoiy. 
diminish  the  outward  pressures  of  each  (-18.)  Thus  for  we  have  proceeded 
fluid  agEunst  the  sides  of  the  bodies,  upon  the  hypothesis  of  there  being  two 
(^>  (^•.^g'' S-)  whicli  are  adjacent  to  each  distinct  eiectric  fluids,  having  certain 
properties  in  common,  but  each  being 
cbarHcterized  by  a  certain  modification 
of  these  properties.  It  is,  however, 
equally  possible  to  account  for  all  the 
phenomena  with  the  same  exactness,  on 
the  supposition  of  their  resulting  from 
the  B^ncy  of  a  single  electric  fluid. 
i  time.  This  simphiication  of  the  theorymay  be 
...  on  the  considered  as  the  discovery  of  (he  im- 
opposite  or  remoter  sides  (a,  if.)  Both  mortal  Franklin,  altliough  it  had  oc- 
these  causes  conspire  to  destroy  the  curred  at  the  same  period  to  Dr.  Wat- 
equilibrium  ;  each  body  is  impelled  in  son  ;  for  it  was  Franklin  who  first 
the  direction  of  the  preponderating  pointed  out  the  mode  in  which  it  might 
force,  that  is,  in  a  direction  from  the  be  successfully  applied  to  explain  some 
other  liody  ;  and  an  effect,  which  may  of  the  most  remarkable  phenomena  of 
be  called  repulsion,  lakes  place.  The  the  science.  Several  particular  points 
vety  same  explanation,  it  is  evident,  in  his  theory,  as  he  onginally  proposed 
aj^Iiestobothkindsof  electricity,  their  it,  were  defective,  and  were  found  on 
properties  being  in  this  respect  exactly  strict  examination  to  be  at  variance  with 
alike.  ascertained  facts.  It  is  to  j^piniis  and 
If,  on  the  other  hand,  a  body  chained  to  Cavendish  that  we  owe  flie  reofifica- 
with  vitreous  electricity  t>e  presented  to  tion  of  these  errors ;  and  the  theory  of 
flnethat ischargcd withresinouselectn-  Fra^iklin,  as  thus  amended,  whatever 
city,  the  attraction  of  these  two  fluids  will  alterations  the  future  progress  of  disco* 
diminish  the  outward  pressure  on  the  very  may  oblige  us  to  make  in  it,  will 
remote  sides  of  the  bodies,  and  increase  ever  remain  one  of  the  most  beautiful 
'it  on  the  ai^acent  sides  ;  hence,  the  spedmens  of  this  kind  of  reasoning 
bodies  will  l>e  nrged  towards  each  other,  which  philosophy  has  produced.  Uf 
and  motions  indicative  of  attraction  will  this  hypothesb  we  shall  now  present  a 
reskdt  Thus,  in  all  cases,  do  tiie  move-  brief  outline ;  and  point  out  the  mode 
ments  of  the  bodies  represent  the  forces  in  which  it  explains  the  phenomena. 
themselves  which  actuate  the  particles  (49.)  We  set  out,  then,  with  sup- 
of  the  developed  electricities  they  con-  posing  that  there  exists  in  all  bodies  a 
'""■  subtile  fluid,  which  we  shall  call  the 
electric  fluid  ;—\ta.\.  its  particles  n]fA 

.  .. ^ jj.^  one  another  with  a  force  varying  m- 

thesis  we  are  considering.     Wherever  versely  as  the  square  of  the  distance ; — 

one  of  the  electricities  existi  in  an  activ<  that  th^  attract  the  partiolet  of  ali 
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olher  niELtter,  orsome  speeifie  ingredient  (51.)  The  mutn&l  reueanon  of  two 
in  that  matter,  with  arnrcefollDwiiigthe  po^iitively  electrified  bodies  ia  a.  dire<^ 
■ame  law  of  the  inverte  square  of  the  consequence  of  the  repulsion  of  the  re- 
distance; — that  this  fluid  is  dispersed  dundant  fluids  contained  in  each,  which, 
through  the  pores  of  bodies,  and  from  bring  attached  to  the  matter  t^  their 
Hinie  unknown  peculiarity,  can  move  attraction  for  it,  impel  it  in  the  direction 
throuE^h  them  with  various  degrees  of  of  their  own  repulsion.  In  the  same 
Eicility,  according  as  they  are  conduc-  way  the  mutual  approwmaljon  of  two 
tors  or  non-conductors.  Bodies  are  bodies  in  o[»posite  electrical  states  is  the 
said  to  be  in  their  natural  state  with  immediate  efiect  of  the  attraction  of  the 
ree:<trd  to  electricity,  when  the  repulsion  redundantfluidintheDne,  fortheredun- 
of  the  fluid  they  contain  for  a  particle  dant  matler  in  the  olher  ;  and  tJia* 
of  fluid  at  a  distance  is  exactly  balanced  tienj,  for  this  attraction  is  mutual. 
by  the  attraction  of  the  matter  in  the  (52.)  A  difficulty  does,  indeed,  occur 
body  for  the  same  particle.  In  this  when  we  attempt  to  apply  the  theoiy  to 
st:i1e  Ihcv  may  be  considered  as  «o('j-  the  case  of  two  bodies  wWh  are  both  in 
Viiifd  vrith  the  eleclric  fluid.  Whenever  a  state  of  negative  eleclrieity,  that  is,  in 
they  contiun  a  quantity  of  fluid  greater  which  there  exists  in  both  certain  quan- 
Ihan  this,  tliey  are  said  to  be  poffttpely  tities  of  matter  unsaturated  with  electric 
eleclri^ed,  or  toh&we positive ^^eel/iciti/.  fluid.  What  action  does  the  theory,  as 
When,  on  the  other  hand,  there  is  a  hitherto  stated,  point  out  as  the  result  in 
quantity  less  than  that  required  fbr  satu-  this  particular  ease  ?  Plainly  none.  AH 
ration,  the  body  is  said  to  l>e  negatively  those  portions  of  the  matter  of  each 
electrified,  Qrto\\Kte negative electridtJf.  body  which  are  still  saturated,  together 
In  the  forzner  case,  it  is  the  fluid  tliat  is  with  the  fluid  which  saturates  tliem, 
redundant,  or  in  excess ;  in  tlie  liLtter,  can  have,  as  we  have  already  seen,  no 
it  is  tlie  matter  which  is  left  unsaturated  efktA  either  of  attraction  or  repulsion, 
that  should  be  considered  as  the  redun-  The  only  active  element  is  the  unsatu- 
dant  principle.  The  state  ot  positive  rated  matter;  but  the  hypothesis  does 
electricity,  then,  consists  in  a  redun-  not  assign  any  action  of  this  matter 
dance  of^fluid,  or  in  matter  that  ia  over-  upon  other  matter  at  a  distance.  Yet 
eataraUd,  as  it  has  l>een  termed;  that  neleamfromei^rience  thatthebodies, 
of  negative  electricity,  in  a  deficiency  of  under  these  circumstances,  actually 
ftuid,  or  in  matter  under-tatarated,  or,  repel  one  another.  In  order,  therefore, 
what  is  an  equivalent  expression,  in  to  render  the  hypothesis  conformable  to 
rndundant  matter.  In  mathematical  fact,  we  are  obliged  to  annex  to  it  ano- 
language,  the  fbnner  condition  may  be  ther  condition  ;  namely,  that  ttie  parti' 
expressed  tiy  the  aigQ  plut;  the  latter  cles  of  simple  matler,  that  ia,  of  matter 
by  that  of  mt'niM.  In  considering  the  uncombined  with  the  electric  fluid,  exert 
mutual  electrical  actions  of  bodies,  the  a  repulsive  action  on  one  another.     It 

fortions  in  which  the  matter  and  the  is  singular  that  so  acute  a  mind  as  tliat 
uid  mutually  saturate  each  other,  need  of  Franklin  should  not  have  discerned 
not  tie  taken  into  account,  since  their  thisdefectinhisowntheory.orperceived 
actions,  as  we  have  seen,  are  perfectly  that  this  further  condition  was  abso- 
neulralized:  and  we  need  only  attend  to  lutely  requisite  for  the  explanation  of 
those  of  the  redundant  fluid  and  the  the  phenomena.  Without  it,  indeed,  we 
redundiint  matter.  should  l>e  unable  to  explain  the  want  of 
(5U.)  When  a  hody  contains  more  action  l>etween  two  neutral  bodies ;  fm: 
than  Its  natural  proportion  of  elecbic  the  repulsion  of  the  fluids  in  botli  bo- 
fluid,  the  surplus  wiU,  l»y  the  repulsive  dies  being  Iwlaneed  by  the  attraction  of 
tendency  of  its  particles,  overflow  and  the  fluid  in  the  one  for  the  matter  in  Ihe 
escape,  if  such  escape  be  allowed,  until  other,  the  remaining  attraction  of  (he 
the  body  is  reduced  to  its  neutral  state,  fluid  in  the  second  body  for  the  matter 
When  under- saturated,  the  redundant  in  the  first  would  be  uncompensated  by 
matter  wiU  attract  fluid  from  all  quar-  any  repulsion,  and  the  forces  would  not 
ters  from  which  itcan  receive  it,  until  it  be  held  in  equilil«ium,  as  we  find  they 
ia  a^in  brought  to  its  neutral  state,  really  are. 

ThiscfHux,  or  influx,  la  prevented  either  (sa.)    Tbelaw  of  electricfd  induction 

when  the    body  is  surrounded  on  all  is  an  immediate  consequence  of  the 

sides  by  subatancea,  through  the  pores  PVanklinian    theoiy.     When    a    body 

of  which  the  fluid  cannot  pass,  or  when  churged  with  electricity  is  presented  to 

th0  body  itself  is  of  ttut  iwtnre.  a  neutnd  body,  tbe  reaundant  fluid  of 
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the  former  exerts  a  t^puUive  action  on  genersUf  Ihemost  conveiuent ;  mid  be- 

Oie  fluid  in  the  latter  body ;  and  if  thil  cause  a  conversion  of  terms  the  reverse  of 

happens  to  be  a  conductor,  it  impels  a  that  iust  now  pointed  out  niUin  all  cases 

certain  portionofthat  fluid  totheremots  enable  ua  to  itupply  the  explanation  of 

end  of  tliia  body,  which  becomes  at  that  the  same  phenomenon  according  to  the 

part    positivelv    electrified ;    while  its  theory  of  Du  Fay.    An  to  the  question 

nearer  end,  which  the  same  fluid  has  which    of   these   two  hypotheses    ap- 

quitted,  is  consequently  in  the  state  of  preaches  the  nearest  to  the  real  state  of 

negative  electricity.    It  the  first  body  things,  we  are  not  yet  prepared  to  dis* 

hau  been  negatively  electrified,  its  unsa  ■  cuss  the  ailments  that  could  enable  us 

turated  matter  would  have  exertea  en  todecideit;  and  wemust,therefore, wait 

attractive  force  on  the  fluid    in   the  till  we  can  resume  the  sutiject  in  the 

second  body,  and  would  have  drawn  it  ■^qnel. 

nearer  to  itself,  producing  an  accumu-         The  further  development   of   these 

lation  or   redundance  of  fluid  at  the  theories,  and  of  the  law  of  induction, 

adjacent  end,  and  a  coiresponding  defl-  in  particular,  must,  for  the  present,  be 

ciency  at  the  remote  end :  that  is,  the  postponed,  since  they  require  ua  to  be 

former  would  have  been  rendered  posi-  acquainted  with  many  practical  details 

tive,  and  the  latter  negative.    All  this  relating  to  the  accumulation  of  elec~ 

is  exacOyconformsble  to  observation.  trici^,  and  its  management  when  ^- 

(S4.)  The  phenomena  of  transference  plied  to  various  object*  of  experimental 

are  easily  explicable  an  this  hypothesis ;  research. 
and  they  arise  from  the  destruction  of 

the  equilibrium  of  forces,  which  con-  .,. 

fined  the  fluid  to  a  particular  situation  Chaptbe  111. 

"^^T^^t^^^^^^^A-  A         r    .  El«*nadMaehine». 

(S5.)     There  is,  mdeed,  no  fact  ex- 

Slicable  by  the  hypothesis  of  a  double  (56.)  The  essential  parts  of  an  instru- 

uid,    which    is    not    explained    with  ment   for  procuring   large   supplies   of 

equal    facility    by    that    of    a    single  electricity  for  the  purposes  of  experi- 

fluid,  with  the  condition  already  staled,  ment,  or  an  eleetriral  machine,  as  it  is 

The  explanation  by  the  first  is  easily  called,  are  the  electric,  the  rubber,  the 

converted  into  an  explanation  by  the  prime  conductor,  the  insulator,  and  the 

second,  bv  substituting  the  expressions  machinery  fur   setting   the   electric    in 

of  potitive  and  negative   for  those  of  motion. 

vitreow  and  rmirwu*  electridtiet ;  and  (S7.)  The  electric,  by  the  excitation 
considering  the  action  of  the  latter  as  of  which  the  electrici^  is  to  be  de- 
arising  from  the  influence  of  redundant  vetoped,  maybe  made  of  various  mate- 
or  unsaturated  matter,  to  which  is  rials.  Globes  of  sulphur  were  employed 
ascribed  in  the  Franklinian  hypothesis  by  the  earlier  electricians  for  that  pur- 
a  umilar  operation  to  that  of  the  resi-  pose ;  but  polished  glass  is  found,  on 
nous  electricity  in  the  hypothesis  of  Du  the  whole,  to  be  the  most  convenient 
Pay,  The  hypothesis  of  a  single  fluid  substance.  The  original  form  given  to 
has,  it  must  be  allowed,  the  advantage  it  by  Hauksbee,  who  was  the  inventor 
of  greater  sirophcity:  but,  on  the  other  of  the  electrical  machine,  was  that  of  a 
hand,  it  lies  open  to  the  objection  of  its  globe,  which  he  caused  to  revolve  upon 
involving  a  condition  which  appears,  at  a  vertical  axis.  The  most  convenient 
first  view,  to  be  at  variance  with  our  fijrms,  however,  are  those  of  a  hollow 

Conceived   notions    of  the    primary  cylind<T,ororaflatcircularplate,revolv- 

of  matter,  and  more  especially  with  ing  upon  a  horizontal  axis.  When  used 

that  of  gravitation;  namely,  that  which  in  the  form  of  a  globe  or  cylinder,  it  has 

implies  the  mutual  repulsion  of  its  par-  sometimes  lieen  found  advantageous  to 

tides  when  void  of  electricity.  Une  the  inside  of  it  with  a  thin  layer  of 

When  viewed  as  a  mere  hypothesis  a  resinous  composition,  consisting  of 

calculated  to  facilitate  our  comprehen-  four  parts  of  Venice  turpentine,  one  of 

aion  of  the  phenomena  and  of  their  con-  resin,  and  one  of  bees'  wax.     Tliis  must 

nexions,  it  is  a  matter  of  indifference  be  introduced  in  sufficient  quantity  into 

which  we  employ,  for  they  will  either  of  the  inside  of  the  glolie  or  cylinder,  and, 

them  answer  the  purpose.     In  our  fu-  when  the  glass  is  brought  gradually  to 

ture  explanations  we  shaU,  in  general,  an  equal  degree  of  heat  throi^iout  the 

aiUiere  to  the  lan^age  of  the  Frank-  melted  sutntances,  is  allowed  to  q>i«>d 

liiuan  thecMy,  as  bemg  thetimpl««t.and  itself  over  U^  interim  Bui£ut(^  by  b-*— 
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inEthe  globe  or  cylinder  alnrnt  Ha  axis,  being  festened  to  it  by  the  inlervention 
The  principal  use  of  such  a  coating  is  of  a  bent  spring,  the  purpose  of  which 
to  improve  bad  machines,  for  it  is  not  is  to  keep  it  equally  pressed  against  the 
leqiiimt  in  good  ones.  cylinder  in  eve^  part  of  its  revolution. 

The  earlier  electricians  contented  The  pressure  of  the  cushion  is  also  fur- 
themselves  with  using  the  hand  as  a  ther  regulated  by  an  adjusting  screw 
rubber,  till  a  cushion  was  introduced  adapted  to  the  wooden  base,  on  which 
for  that  purpose  by  Professor  Winkler,  the  glass  pillar  that  supports  the  con- 
of  Leipsic.  The  cushion  is  usually  ductor  is  fixed.  From  the  upper  edge 
made  of  soU  leather,  generally  basil  of  the  cushion  1here  proceeds  a  ilapV 
akin,  stuffed  with  hair  or  wool,  so  as  to  of  thin  oiled  silk,  which  is  sewed  on  the 
be  as  hard  as  the  bottom  of  a  chair,  face  of  the  cushion  about  a  quarter  of 
an  inch  from  its  upper  edge.  If  extends 
over  the  upper  surface  of  the  glass 
to  the  surface  of  the  glass  to  which  it  cylinder  to  within  an  inch  of  a  row  of 
is  applied.  metallic  points,  proceeding  like  the  teeth 

(58.)  Of  cylindric  machines,  the  sim-  of  a  rake  fiom  a  horizontal  rod,  which 
plc^  and  most  perfect  construction  is  is  fixed  to  the  adjacent  side  of  the  oppo- 
that  invented  by  Naime,  and  which  is  site  conductor  P.  The  motion  of  the 
represented  in  X?.  9.  The  glass  cylinder  cylinder  must  always  be  given  in  the 
C  IS  from  8  to  1 6  inches  in  diameter,  and  direction  of  the  silk  flap;  and  it  may 
lie  communicated  either  by  a  sinele 
Fig,  9  handle,  or   by  a  multiplying  wheel  W, 

as  in  the  figure :  the  latter  produces 
more  electricity  in  the  same  time,  but 
the  labour  oftumiilg  is  increased  nearly 
in  the  same  proportion.  On  some  ac- 
counts it  is  more  convenient  to  place  the 
conductor  to  which  the  rubber  is  not 
attached,  at  right  angles  to  the  cylinder ; 
and  this  is  the  plan  adopted  in  ttie  com- 
mon electrical  machines. 

(39.)  The  conductor  P,  to  which  U» 
rubber   is   not    attached,   is   generally 
called  the  prime  conductor,  or  uie  pott- 
tive  conduclor,  as  the  electricity  with 
which  it  becomes  charged  is  positive. 
It  is  a  <:^lindrical  tube,  each  end   ter* 
tninating  in  a  hemisphere.    There  is  no 
advantage  in  its   being  made  of  solid 
materials,  tor  the  electricity  is  contained 
only  at  the  surfaces.     It  may  be  made 
of  thin  sheet  brass,  or  copper,  or  tin,  or 
of  pasteboard,  covered  wilJi  gold  lei^or 
tin  foil.     Care  must  be  taken  that  its 
■urtiice  be  free  from  all  points  and  aspe> 
rities  ;   and  the  perforationa  which  are 
made  in  it,  and  which  should  be  about 
the  sixe  of  a  quill,  for  the  purpose  of 
from  one  to  two  feet  long,  supported,  for     attaching  wirM  wid  other  kinds  of  ap- 
the  purpose  of  insulation,  on  two   up-      paratus,  should  have  their  edges   wdl 
right  pillars  of  glas*,  which  are  fixed  to      roundea   and  smoothed  off.      For  the 
Bfinn  wooden  stand.     Two  hollow  me-     more  perfect  insulaUon  of  the  conduc- 
tallicconductorsP,N,pqualiniengthto     tor,  it  is  advisable  to  apply  upon  the 
the  cyhnders,  are  placed  paraUel  to  it,      glass  pillar  which  supports  it,  a  varmsh 
one  on  each  side,  upon  two  insulating     of  gum-!ac,  or  of  sealing  wax.  - 
pillar*  of  glass,  which  are  cemented  into         (BO-)  The  degree  of  excitation  pro- 
two  separate  pieces  of  wood  that  slide     duced  in  the  glass  depends  much  upon 
across  the   base  so  as  to  allow  of  their     the   substance  employed  as   a  rubber, 
being  brought  within  diflerent  distances     Mr.  Singer  observes  that  dn-  »ilk  is 
from  the  SyUndcr.     To  one  of  the«i     very  rfSca^ous.    but   that   Ihe    most 
•onductora  N.Uw  cushion  ia  attadwd.    powerftaeffecUarcobtimedtTttieui* 
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of  in  wnatewn  of  I'm.  rinc,  und  mer-        Tlie  plate  machine,  fo.  10.  wm  ori 

curv,  appli^  by  means  of  hoRS  larJ.  to     pnally  proposed  by  Dr.  Ingenhoui,  and 

the  surface  of  leather  or  oiled  silk.  That     has  lieen  since  much  improved  by  Cul  h- 

part  of  the  cushion  which  comes  in  c<in-     bcilsoo.   This  machine,  id  its  most  per- 

tact  with  the  glass  cylinder,  should  be 

coiUed  wilh  an  amaleam  of  this  kind.  rtg- 1". 

spread  evenly  over  its  surface,  until 

level  wilh  the  line  formed- by  the  seam 

which  joins  the  silk  flap  to  the  face  of 

the  cushion.    No  amdgam  should  be 

S laced  over  this  seam,  nor  on  the  silk 
ap ;  which  last  should  be  wiped  clean 
whenever  the  continued  motion  of  the 
machine  shall  have  soiled  it,  by  deposit- 
ingdustoramalstamonitssurface.  The 
same  attention  is  requisite  lo  the  sur- 
face of  the  alass,  which  often  becomes 
covered  wilh  black  spots  and  lines, 
more  particularly  when  the  amal^^am 
has  been  recently  applied.  It  is  essen- 
tial lo  remove  these  as  often  as  they 
are  formed  in  any  quantity,  since  they 

tend  to  lessen  the  power  of  the  machine,  feet  form,  consists  of  a  circular  plate  of 
The  surface  of  the  amalgamated  cushion  glass,  turning  on  an  axis  that  passes  at 
is  also  soon  soiled  ;  for  the  excited  right  angles  through  its  centre  :  it  is 
glass  constantly  attracts  dust  from  sur-  rubbed  by  two  pair  of  cushions,  fixed  at 
rounding  bodies,  and  this  dust  is  col-  opposite  parts  of  the  circumference  by 
lected  by  tlie  niblier  as  the  glass  passes  elastic  frames  of  thin  mahogany,  which 
it.  If  the  dust  is  removed  after  every  are  constructed  so  as  to  press  tne  glass 
course  of  experiments,  by  separating  plate  between  them  with  the  requisife 
theciishionfromthenegativeeonductor,  force,  by  means  of  regulating  screws. 
and  genlly  rubbing  its  surface,  and  the  A  brass  conductor  P,  supported  by 
surface  of  the  silk  flap,  with  a  dry  glass,  is  fixed  to  the  frame  of  the  ma- 
linen  clotli.  the  machine  may  be  kept  in  chine,  with  its  branched  extremities 
good  order  without  a  frequent  renewal  opposite  to  each  other,  and  near  tlie 
of  the  amalgam;  such  renev»al  being  extreidb  diameter  of  the  plate,  in  a  direc- 
only  necessary  when  that  which  has  tion  at  right  angles  to  the  vertical  line 
been  applied  becomes  iiregidarly  dis-  of  the  opposite  cushions.  The  branched 
tributed  over  the  cusluon,  or  impreg-  extremities  of  the  conductor  are  fiu-- 
nated  with  dnst.  nished  with  pointed  wires,  that  serve  lo 

(61.)  The  amalgam  recommended  by  collect  the  electricity  from  the  surface 
Mr.  Singer,  is  made  by  melting  together  of  the  excited  plate, 
one  ounce  of  tin  and  two  ounces  of  (62.)  It  is  not  quite  determined  which 
line,  which  are  to  be  mixed,  while  of  thtse  two  arrangements  affords  the 
fluid,  with  six  ounces  of  mercury,  and  greatest  quantity  of  electricity  from  the 
agitaied  in  an  iron,  or  thick  wooden  same  surface ;  but  the  cylinder  is  less 
box,  till  cold.  It  is  then  to  be  reduced  expensive,  and  less  liable  to  accidents 
to  veiT  fine  powder  in  a  mortar,  and  than  the  plate,  anditappears  to  possesa 
mixeil  with  p.  sufficient  quantity  of  hog's  nearly  equal  power. 
lardfoformitintoapaste.  Whenamal-        (63.)  trom  what  has  already  been 


gams  have  a  large  proportion  of  mer-  explained  of  the  general  laws  of  elec- 

cury,  their  action  is  variable  and  Iran-  tricity,  the  mode  in  which  these  ma- 

sient.    The  best  cement  for  attaching  chines  act  will  readily  be  undei-stood. 

the  cylinder  lo  its  pivots,  is  made  t^  The  friction  of  the  cushion  against  the 

mixing  five  pounds  of  resin,  one  pound  glass  cyUnder  produces  a  transfer  of 

of  bees' wax,  one  pound  of  red  ochre,  elechic  fluid  from  the  former  to  the 

and  two  table- spoonfuls  of  plaster  of  latter;    that  is,  the  cushion  becomes 

Paris.    The  ochre  and  plaster  of  Paris  neKatively,  and  the  glass  positively,  eleo. 

should  l>e  well  dried,  and  then  added  to,  trifled.     The  fluid  whicli  thus  adheres 

and  alternately  mixed   with  the  other  to  the  glass,  is  carried  round  by  the  re- 

ingiedients,  when  they  are  in  a  state  of  volution  of  the  cylinder;  and  its  escape 

fiuion,  is  at  first  prevented  l^  the  ulk  fltijji 
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whkhcoyersthecylinder.nntaitcomes  prime  conductor,  either  with  his  huid, 

to  the  immedjiitevicimty  of  the  metallic  orthrough  theintennediuin  of  ametal- 

Srints,  which  being  placed  at  a  RmaU  he  rod,  or  chain,  he  may  be  con»idered 

stMioe  from  the  cylinder,  absorb  nearly  as  liMiaiog  part  of  the  same  system  of 

the  whole  of  the  declricity  as  it  pasaeii  conductors.     When  the    machine    is 

near  them,  and  transfer  it  to  the  prime  worked,  therefore,  he  will  partake  with 

conductor.    Posilire  electricity  is  thus  the  conductor  of  its  chsrge  of  eleclri- 

accumulated  in  the  prime   conductor,  city,  and  spartta  may  be  drawn  fi^m 

while  the  conductor  connected  with  the  any  part  of  his  Iwdv  ay  the  knuckle  of 

cusliion,  being  deprived  of  this  electri-  any  other  person  who  is  in  communica- 

city,  is  negatively  electrified.  tion  with  the  ground. 

But    if  both    these  conductors  are 
innilated,  this   action   will    soon   have 

reached  its  limit:  forwhenthe  cushion  Cbaftbr  IV. 
and  its  conductor  have  been  whausted  ^^  ^  Elietrie<U  Attraction  and 
oftiieir  fluid  to  a  cerfam  degree,  they  **  ^  Reauliion 
cannot  by  the  same  force  of  excitation  ™ 
lupplyanyfiirlher  quantity  to  the  glass.  (65.)  Hatino  obtained,  by  the  elec- 
In  order  to  enable  it  to  do  so,  we  must  tricai  machine,  the  means  of  accumu- 
rqilenish  it,  as  it  were,  that  is,  restore  lating  considerable  quantities  of  elec- 
ta it  a  quantity  equal  to  what  it  has  bricity,  we  are  enabled  to  multiply 
lost.  This  purpose  will  be  answered  by  and  extend  our  observations  of  the 
placing  it  in  communication  with  aeon-  phenomena,  and  to  examine  with 
ductiiu;  body  of  large  dimensions ;  or,  more  precision  their  corrmpondence 
What  is  stia  more  efiectual,  by  making  with  the  results  of  theory.  The  effects 
it  communicate  with  the  earth,  which  is  of  electrical  attractions  and  repul' 
an  inexhaustible  source  of  electric  fluid,  sions  may  be  exhibited  much  more 
Inorder,  therefore,  to  supply  the  prime  distinctly,  and  on  a  larger  scale  tiian 
conductor  with  a  constant  stream  of  with  the  simpler  instruments  we  had 
electricilv,  ue  must  destroy  the  insula-  previously  employed.  The  experiments 
tion  of  tne  cushion,  by  placing  on  the  fijrmerly  mentioned  on  the  alternate 
conductor  to  which  it  is  fixed,  a  metal-  approach  and  recession  of  light  bodies, 
lie  chain,  or  wire,  extending  to  the  may  be  repeated  with  either  conductor 
ground.  If,  on  the  other  liand,  we  wish  of  the  machine,  when  chained  with 
to  obtain  negative  electricity,  by  means  electridty,  and  we  may  note  with  more 
of  the  same  machine,  we  must  keep  the  accuracy  the  differences  which  occur  in 
negative  conductor  insulated,  and  con-  the  rapidity  with  which  the  changes 
nect  the  prime  conductor  with  the  from  one  electrical  state  to  another 
ground,  in  order  to  allow  the  fluid  to  take  place  according  as  the  t>odies  are 
escape  from  it  as  soon  as  it  is  collected  more  or  less  good  conductors  of  elec- 
from  the  cylinder.  The  fluid  will  thus  tricity.  A  pith  ball,  or  a  fra^ent  of 
continue  to  be  drawn  without  inteiruti  gold  leaf,  is  very  strongW  and  immedi- 
tion  from  the  negative  conductor,  as  it  ately  attracted  by  the  electrified  con- 
now  meets  with  no  impediment  to  it*  ductor,  and  the  instant  after  it  has  come 
discbai^  on  the  opposite  side  of  the  into  contact  with  it,  is  repelled ;  but 
machine.  it  is  now  attracted  b^  the  other  bodies 

That  the  quantity  of  positive  electri-  in  its  neighbourhood,  to  which  it  corn- 
city  produced  in  one  conductor  is  exactly  municates  its  own  electricity,  and  then 
equal  to  that  of  the  n^rative  electricity  is  again  in  a  state  to  be  influenced  by 
in  the  other,  is  proved  oylhe  fiu:t  that,  the  conductor,  and  to  be  again  attractea: 
if  the  two  conductors  are  connected  by  a  and  this  alteration  of  e^cts  will  con* 
wire,  no  signs  of  electricity  are  obtained  tinue  as  long  as  the  conductor  remains 
in  any  of  the  conductors  on  turning  the  charged. 

macliine  :  but  if  the  wire  be  not  con-        (66.)    These    ahemate    and    rapid 

tinuous,  but  interrupted  by  short  inter-  movements  are  best  seen  by  placing 

vals,  a  succession  of  sparks  appear  at  these  small  bodies  between  two  metallic 

each  interval,  indicating  the  passage  of  plates,  placed  as  in  fig.  II,  the  one  over 

a  stieam  of  fluid  from  the  one  side  to  the  other,  at  a  certain  distance;   the 

tlie  otl«er  of  the  apparatus.  upper    one    communicating  with    the 

(64.)  A  person  standing  on   a  stool  prune  conductor,  the  lower  one  with  the 

with  glass  1^  is  thereby  insulated;  ground.    If  figures  of  men  and  women 

voA,  "3,  in  this  aituation,  tie  touch  the  are  cut  out  of  paper  and  placed  between 
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duiM,  Kilik  Qtet  fetch  and  cirv 
deotrieityfrom  tne  up[Mr  to  the  ioir«r 


flw  two  plBtM,  they  wiH  exhibit  a  rqdd    ihape  of  &  humtn  hMtd,  wnrend  with 

J .^-  ii._  #^.1.  -_j .L_     jj^^  ^jjgjj  pjaoed  upon  the  cntdnotM 

tuid  electnfied,  wiU  exhibit  the  a^^iear^ 
ance  of  terror  from  the  ^ena^  bntlSag 
up  and  divcnenee  of  the  hair.  A  look 
of  wool  high])'  diarged  with  electricity 
will,  ia  like  manner,  «well  out  to  a  luga 
■iie,  in  consequence  of  the  mutual  re- 
pulsion of  the  filaments  which  composa 
it  On  approaching  a  needle  to  it,  neld 
in  the  haad,  nherebf  its  electricity  ia 
quickly  drawn  off,  the  cotton  will  sud- 
denly shrink  into  its  original   dimen~ 

(69.)  We  have  already  adverted  to 
the  effects  of  fusion  in  renderinj^  some 
bodies  conductors,  which  in  their  solid 
sU.te  had  the  contrary  proper^.  This 
is  the  case  with  sealing-wax ;  and  ac- 
cordindy,  if  melted  seaLne-wax  be 
electrified,  its  particles  will  tend  to 
Mpsrate  by  th«r  mutual  repulsion,  and 
to  dr&w  out  into  filaments.  Let  a  pieM 
of  sealine-wax  be  fixed  on  the  end  of  a 
wire,  and  be  set  fit«  to.  but  the  flame 


(117.)  Tins  alternation  of  attraetlona 
and  repulsions  accompanyinK  the  trans- 
ferring electricitf  tty  moveable  conduc- 
tors, is  also  illustraled  by  the  motions  of 
abaU  (ftg.li.),  suspended  by  a  silk 


J^.l*. 


ttiread,  and  placed  between  two  bells,  of 
which  the  one  is  electrified,  and  the  other 
eommunicatei  with  the  ground.  The 
aHemate  motion  of  the  oall  between 
the  two  bells  will  produce  a  continued 
ringing.  As  thus  described,  it  is  a 
mere  toy,  but  the  same  arrangement 
has  been  applied  to  the  philosophical 
nuipose  of^  giving  notice  of  changes 
taking  place  in  the  electrical  state  of  the 
atmosptiere. 

((iS.)  The  mumal  repulsion  of  bodies 
that  ore  rimikrly  slecbifled  gives  rise 
to  many  amusinK-  appearances.  The 
fllamenls  of  a  feather  will  separate  from 
each  other  and  diverge,  when  electrified, 
[S'esenting  a  singular  and  unnatural 
Vf^tnaiee.     A  unaU  figure   in  the 


melted,  present  it,  at  the  distance  oi 
some  inches,  to  the  electrified  conductor, 
a  number  of  extremely  fine  filaments 
will  immediatclv  dart  out  fivm  the 
sealing-wax  to  uie  conductor,  on  which 
they  will  be  condensed  into  a  kind  of 
net-work  resembling  wool.  If  the  wire 
with  the  sealing-wai  be  stuck  into  one 
of  the  holes  of  the  conductor,  and  a 


has  been  ignited,  on  settinz  the  machine 
in  motion,  a  net-worii  of  wax  will  be 
fonned  on  the  paper.  The  same  eSe^ 
but  in  a  slighter  degree,  will  be  pro- 
duced, if  the  paper  be  briskly  rubbed 
with  a  piece  of  Indian  rubber,  and  the 
melting  sealing-wax  be  held  pretty  near 
the  paper  immediately  after  it  has  been 
rublted.  If  the  p^wr,  thus  covered 
with  fllunents  of  seahng-wai,  be  gently 
wanned  before  the  ire,  the  wax  will 
adhere  to  it,  and  exhibit  permanently 
the  result  of  the  experiment.  Still  mora 
beautifiil  are  the  appearances  produced 
by  camphor  subjected  to  a  similar  pro- 
cess. Forthepurpose  ofobtaininglhem, 
a  spoon,  holding  a  piece  of  tiehted  cam- 
phor, must  be  kept  electrified  by  work- 
ing (he  machine,  while  it  communicites 
with  the  conductor ;  the  camphor  will 
then  throw  out  curious  ramifications, 
which  appear  to  shoot  like  those  of  • 
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the  escftpe  of  a  conducting  fluid,  such  instrument  hasotmouslynopretensioni 

as  water,  through  a  nairow  aperture,  i*  to  being  aa  exact  measure  of  its  inten- 

promoted  by  electrifJinK  it    If  a  small  sity. 

metallic  vessel  filled  with  water  be  sus-  (73.)    One  of  the  most  delicate  ir- 

pended  from  the  prime  conductor,  and  Btriimenta  for  detecting  the  presence  of 

there  be  placed  in  the  water  one  end  of  electricity  is  that  whicn  wa-s  invented 


scarcely  drop  from  it ;  upon  turning  the 
cvlinder  of  the  machine  so  as  to  convey 
fllectrici^  to  the  vessel  and  its  con- 
tents, the  water  immediately  flows  in  a 
•tream,  and,  if  the  electrical  charge 
be  very  powerful,  the  descending  current 
will  be  seen  to  separate  into  several 
braachea. 

(71.)  If  a  iponge,  satm^ted  with 
water,  be  suspended  flrom  the  prime 
conductor,  the  water  will  at  first  only 
drop  gradualy  from  the  sponge ;  but 
when  the  conductor  tias  become  stronriy 
electrified,  the  drops  will  fall  plenti- 
(Lilly,  and,  in  the  dark,  will  produce 
the  appearance  of  a  luminous  shower 


by  Mr.  Bennet,  and  is  usually  called 
the  gold-leaf  electrometer ;  although  it 
is,  properly  speaking,  on]y  an  electro- 
scope.     It  consists   (fig.   14.)  oC  two 


(72.)  Advantage  is  taken  of  the  r 
pulsive    property  of    electrified   bodies 
for  the  construction  of  an  Etectromeler, 
or  instniment  adapted  to  measure  { 
intensity  of  the  electricity  they  may  <x 


'  slips  of  gold  leaf,  g,  suspended 
parallel  1o  each  other,  in  a  glass  cylin- 
der, which  secures  it  from  disturbance 
by  accidental  currents  of  air,  and  at- 
tached  to  the  end  of  a  smajl  metallic 

.      __  _,  ..___, ^ tube,  which  terminates  above  either  in 

Henley's  electrometer  {Jig.  13.)    a  flat  surface,  S,  of  metal,  or  in  a  me- 
tallic ball.     Two  slips  of  tin-foil  1 1,  are 
Rg.  13,  pasted  to  the  inside  of  the  cylinder,  on 

opposite   sides,  in   a   vertical   position, 
and  30  placed  as  that  the  gold  leaves 
may  come  in  contact  with  them,  when 
their   mutual    repulsion   is   sufficiently 
powerful  to  make  them  diverge  to  that 
extent    These  slips  of  tin- foil  terminate 
in  the  foot  of  the  instrument,  and  thus 
are  in  communication  with  the  earth. 
A  vety  minute    charge  of    electricity 
communicated  to  the  upper  end  of  the 
tube,  is  immediately  transmitted  to  the 
gold  leaves,  which   are   thus  made   to 
consists  of  a  slender  rod  of  very  light    repel  each  other;  bat  if  the  repulsion 
wood,  r,  serving  as  an  index,  tenuinaled    is  such  as  to  make  them  strike  against 
by  a   small   pitli  ball,  and   suspended    the  tin-foil,  their  insulation  ceases,  and 
A^m  the  upper  part  of  a  stem  of  wood,    their  electxidlv  is    carried    off;    and 
«,  which  is  fitted  to  a  hole  in  the  upper     being  now  rendered  neutral,  they  ceasa 
surface  of   the   conductor.     An   ivory     to  repel  one  another,  and,  collapsing, 
semicircle,  or  quadrant,  q,  is  affixed  to     resume  their  original  position. 
the  stem,  having  its  centre  coinciding         (74.)  The   most  perfect  electrometer 
with  the  axis  of  motion  of  the  rod,  for    for  measuring  very  small  quantities  of 
the  purpose  of  measiuing  the  angle  of    electricity,  is  the  apparatus  contrived 
deviation  from  the  perpendicular,  which     W  Coulomb,  and  to  which  he  lias  given 
the  repulsion  of  the  ball  from  tlie  stem    the  name  of  the  torsion  balance.     It  is 
produces  in   the   moveable   rod.      The     represented  in  its  simplest  form  in  fig, 
number  of  degrees  which  is  described     IS,  and  consists  of  a  cylindrical  glass 
■..,-.  n.    .  ...-,  >    ■_..  J    ......       'fa  circular 

1  its  centre. 


by  the  index,  affords  some  evidence  of   jar,  covered  at  the  tup  by  a 
(he  quantity  of  eleclrici^  with  which    ^au  plate,  with  a  hole  in  it: 


chwged;  thou^the    Through  thii  i 


;  a  nn^  fibre  of 


ELECTRICITY 


the   web  or  the  silk-wono    descends 
nearly  to  the  bottom  of  the  jar,  and 


to  estabhsb  very  sBtisfkctorily  the  exact 
law  of  variation,  both  oi  the  attractiTe 
and  repulsive  forces,  arising  from  elec- 
Iricity.  wilh  relation  to  the  distuwe. 
which  we  have  already  stated. 


<?0- 


carries  at  its  lower  exlremity  a  trans- 
verse needle.  This  needle  consists  of 
either  a  filament  of  gum-lac,  or  a  silk 
thread  or  piece  of  straw  coated  with 
sealine-wax.  At  one  end  it  is  termi- 
nated hy  a  small  pilh-liall,  and  at  the 
other  by  a  disc  of  varnished  paper,  act- 
ing merely  as  a  counterpoise  to  the 
btul.  The  upper  end  of  the  silk  fibre  is 
affixed  to  a  kind  of  button  having  a 
■malt  index,  and  capable  of  bein^  turned 
round  upon  a  circular  plate  divided  into 
degrees.  One  side  of  the  jar  is  perfo- 
rated to  allow  ol  the  insertion  of  a  short 
Aoriiontal  bar.  having  a  small  metallic 
sphere  at  each  of  its  ends,  the  one  being 
in  the  inside  and  tbe  other  on  the  out- 
side of  the  jar  j  and  the  former  beinE 
so  situated  as  just  to  allow  the  ball  of 
the  suspended  needle  to  come  in  con- 
tact Willi  it  in  the  course  of  its  revolu- 
tion. By  turning  tlie  button,  or  the 
index,  llie  needle  mBy1>e  brought  into 
this,  or  any  other  required  position  with 
regard  to  the  ball.  It  is  found  by  ex- 
periment that  the  angle  of  torsion  of 
the  silk  fibre  is,  within  a  certain  ranse 
of  distance,  vefy  nearly  in  the  direct 
ratio  of  the  force  which  acts  in  pro- 
ducing the  torsion;  and  therefore,  it' the 
two  balls  be  placed  in  contact  by  turning 
the  button,  and  then  similarly  electri- 
fied, the  distance  to  which  they  are 
repelled  by  the  angular  motion  of  the 
suspended  ball,  affords  a  measure  of 
the  repulsive  force  fxerted.  In  like 
manner,  the  distance  which  the  sus- 
pended ball  is  made  to  move  when  it 
IS  attracted  by  the  fixed  ball,  when  the 
two  have  opposite  electricities,  gives 
accurate  measures  of  the  attractive 
Ibrces.  Itwasbylheemploymentofthis 
apparatus,  in  a  very  elaborate  series  of 
experiments,  that  Coulomb  was  enabled 


Dutribulion  of  Electricity. 
(75.)  It  had  long  been  observed,  Ihat 

the  quantity  of  electricity  which  bodiea 
are  capable  of  receiving,  does  not  follow 
the  proportion  of  their  bulk,  but  depends 
principally  upon  the  extent  of  their  sur- 
fiice.  It  was  found,  for  instance.  Ihat  a 
metallic  conductor  in  the  form  of  a  glolw, 
or  cylinder,  contains  just  as  much  elec- 
tricity when  hollow,  as  it  does  when  solid. 
Hence  it  was  evident  that  the  electricity 
resides  altogether  at  the  surface,  or  at 


„ only  by  applying  to  the  theory 

all  the  refinements  of  mathematical  in- 
vestigation, that  precise  nolions  could 
be  formed  of  the  exact  distribution  of 
the  electric  fluid  in  bodies  of  ditferent 
shapes.  Tlie  labours  ;if  Cavendish, 
Coulomb,  Poisson,  and  Ivory,  have  fur- 
nished the  means  ol  determining  this 
problem  in  every  case,  however  com- 
plicated; and  whenever  a  comparison 
has  htea  instituted  between  the  results 
of  experiment  and  of  theory,  the  most 
perfect  agreement  has  been  found  be- 
tween thwn  Thus  all  the  phenomena 
of  electricity  are  found  to  be  in  exact 
conformity  with  the  mechanical  conse- 
i)uences  of  tlie  theory :  they  can  be  an 
ticipated  with  rigorous  precision,  and 
can  even  be  reduced  to  numerical  cal- 
culation in  their  minutest  details,  as 
well  as  in  their  most  intricate  combioa- 

(76.)  Fertile  purpose  of  measuring 
the  proportional  quantities  of  electri- 
city with  which  different  parts  of  the 
same,  or  of  different  bodies  are  charged, 
no  instrument  is  so  well  fitted  as  the 
balance  of  Coulomb,  of  which  an  ac- 
count has  just  been  given.  What  pecu- 
liarly adapts  it  lor  these  experiments,  is 
its  extreme  sensibility,  by  which  the 
slightest  variation  in  trie  intensity  of  the 
altractive  or  repulsive  force  produces  a 
very  considerable  effect  in  the  movement 
of  the  horizontal  needle.  In  some  of 
the  experiments  related  by  Coulomb,  a 
force  only  equal  to  the  279th  of  a  grain 
was  sufficient  to  make  the  needle  per- 
form an  entire  revolution  round  th« 
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■  ELECTRICITY.  SI 
wrde:  the  360th  put  of  Ihig  force,  we  wish  to  eMmine,  and  pass  the  proof 
thererore,  or  less  than  the  lOU.OOOth  of  plane  into  it  till  it  is  applied  to  the 
B  grain,  might  be  estimated  by  each  bottom  of  the  aperture.  Care  roust  be 
degree  of  its  angular  motion.  taken,  however,  in  conducting  these  last 
In  order  to  apply  to  the  instniment  esperimenis,  that  the  proof  plane  be  not 
only  such  forces  as  it  is  capable  of  suffered  to  touch  any  other  part  of  the 
measuring,  and  of  collecting  at  the  body  except  that  of  which  the  electricity 
same  time  tmm  the  different  parts  of  is  to  ))e  determined,  and  not  even  the 
bodies  sueh  minute  quantities  of  elec-  sides  of  the  aperture  throutjh  which  it 
tricity  as  are  exactly  proportional  to  is  introduced,  as  such  contact  would 
those  with  which  they  are  themselves  entirely  falsify  the  result. 
charged,  Coulomb  employed  what  he  The  following  are  among  the  princi- 
calls  a^jTM/' jj/one,  which  is  simply  a  pal  results  of  these  investigations: — 
small  circular  disc  of  gilt  pnper,  d,  {fig.  (77.)  In  a  solid  txKiy  having  the  form 
IS,)  fixed  to  the  extremity  of  a  veiy  of  a  perfect  sphere,  and  charged  wilh 
slender  cylinder  of  giim-lac,  and  thus  positive  electncity,  the  whole  of  the 
completely  insulated.  II  vt  wish,  then,  fluid  is,  in  consetjuenee  of  the  repulsion 
to  ascertain  the  proportions  in  which  of  its  own  particles,  which  is  every 
electrici^  is  distrihuted  on  the  surfaces  where  directed  from  the  centre  out- 
er interior  of  any  particular  body,  we  wards,  accumulated  in  a  thin  stratum 
first  insulate  that  body  as  completely  at  the  very  surface  of  the  sphere.  If  the 
as  possible,  and  impart  to  it  a  small  body  be  charged  with  negative  elec- 
quanlity  of  electricity  by  a  spark  from  tricity,  the  deilciency  of  fluid  will  take 
the  prime  conductor.  We  next  touch  place  only  in  the  superficial  stratum  of 
any  of  the  paints   on   its  surface,  the  matter. 

electricity  of  which  we  may  wish  to        (78.)  If,  instead  of  being  spherical, 

measure,  with  the  little  gilt  disc,  holding  the  body  have  any  other  form,  the  elec- 

it  by  the  other  end  of  ils  insulating  tricity  wiU  still  be  chiefly  confined  to 

handle ;  then  carrying  the  plane  to  the  the  surface ;  and  if  it  have  an  elongated 

torsion  balance,  of  which  the  moveable  form,  there  will  be  a  greater  charge  in 

ball  has  l>een  previously  chained  with  the  remoter  parts  than  in  those  nearer 

an  electricity  of  the  same  kind,  we  bring  to  the  middle. 

it  for  an  instant  in  contact  with  the       (79.)  This  result  of  theory,  respecting 

fixed  ball.    We  then  withdraw  it,  and  the  limitation  of  electricity  to  the  mere 

the  fixed  ball  being  now  electrified  in  surfaoe,  is  confirmed  in  the  most  deci- 

the  same  manner  as  the  moveable  one,  sive    manner  by  the    experiments    of 

repels  the  tatter  with  a  force  measured  Coulomb.     A  conducting  body  of  th« 

by  the  angle  of  torsion,   at  which  the  form  represented  by  the  section, /f.  16, 
moveable  ball  stops.    While  the  little 

planeandtheballs  of  Ihebalanceremain  f^ff-  '6' 

the  same,  the  division  of  the  electricity 
between  the  little  plane  and  the  move- 
able ball  preserves  the  same  umform 
proportion;  and  thus  the  repulsive  force 
which  results,  and  which  mivesofftho 
moveable  ball,  is  proportional  to  the 

quantity  of  electricity  with  which  the  had  small  pita  made  in  various  parts  of 

little  plane  is  charged.     It  has  twen  its  surface.    They  were  half  an  inch  in 

proved,  hy  a  series  of  wdl-contrived  diameter,  and  some  of  the  most  shallow 

experiments,  that  this  quantity  is  ex-  wwe  not  depressed  more  than  one-tenth 

Bctly  proportional  to  (he  quantity  of  of  an  inch  bdow  the  surface.    W'hen 

electricity  which  really  exists    at  the  the  body  was  electrified,  and  the  small 

point  of  the  body  with  which  it  has  proof  plane  applied  in  accurate  contact 

been  placed  in  contact.    By  applying  to  the  bottom  of  these  pits  and  depres- 

thesametesl  andmethodof  admeasure-  sions,  care  being  taken  that  it  should 

ment  to  various  other  points  of  the  body  not  touch  their  margin,  and  then  applied 

we  are  studying,  we  may  determine  the  to  the  electrometer,  no  indication  of 

manner  in  which  the  electricity  is  dis-  its  having  received  any  electricity  could 

tributed  in  all  its  parts ;  for  the  method  be  perceived  ;   whereas  the  contact  of 

is  K>plicable  even  to  the  interior  of  the  the  same  proof  plane  with  any  part  of 

boc^,  if  we  place  it  with  a  small  hole  the  even  sur&oe  showed  the  latter  to  be 

tamlnating  at  the  part  nhoK  electiid^  atrongj;  electrified. 
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S3  BLECTRICITT. 

(80.)  The  followii^' experiment  of  charge  of  electriraty  to  Ow  (^Uncler,  U» 
Brot's  contains  alao  a  strikini;  practical  threa<l9  ami  balls  of  the  eledroseojie 
illustration  of  the  same  truth.  Let  a  diverge.  Upon  taking  hold  of  the  silk 
(/Ig.  17.)  represent  a  section  of  any 

spheroid  of  conducting  matter,  aunpend-  Fig.  IS. 

ed  by  a  thread  which  perfectly  insulatea 
it    Let  c  c  be  two  caps  formed  of  gilt- 

Kg.n. 


paper,  tin-foil,  or  any  conductor,  and 
such  that,  when  united,  they  accurately 
fit  the  surface  of  the  spheroid ;  and  let 
them  be  also  furnished  with  insulating 
handles  of  gum-lac.  Let  there  be  com- 
municated to  the  ball,  a,  any  degree  of 
electrieily ;  and  then  let  the  two  caps, 
held  by  their  insulating  handles,  be  care- 
fiilly  amilied  to  its  surfoce.  Upon  the 
removal  of  these  caps,  it  will  be  found 
tliat  the  whole  of  the  electricity  has  been 
abstracted  from  the  spheroid,  so  that  it 
will  no  longer  affect  Ihe  most  deUcafe 
elecfrometer ;  whilst  the  two  caps  will 
be  found,  upon  accurate  trial,  to  have 
acquired  precisely  the  same  quantity  of 
electricity  which  had  at  first  resided  in 
the  body  o. 

We  may  conclude,  both  from  theory 
and    experiment,     therefore,    that      ' 


conducting  bodies,  it  extends,  in  fact, 
to  a  depth  so  amaJl  m  to  tie  in^preci- 
able  by  any  known  methods  of  observa- 

.  (81.)  TTie  effect  of  an  expansion  of 
surface  in  lessening  the  intensity  of 
electricity,  while  ils  absolute  quantity 
remains  Ihe  same,  is  well  illustrated  by 
the  lolloiving  experiment  mentioned  by 
Biot.  Fig.  1 8  represents  an  insulated 
cylinder,  a  b,  moveable  round  a  hori- 
zontal axis,  and  capable  of  being  turned 
bj  an  insulating  handle  A.  Around  the 
cylinder  is  coiled  a  thin  lamina  of  any 
metal,  c,  the  end  of  which  is  semicir- 
cular, and  has  attached  to  it  a  silk 
thread  /.  The  whole  apparatus  com- 
munitatea  with  an  electroscope  e,  formed 
of  two  linen  tlu^ads,  each  temiinatinjr 
in  ft  pith  ball.    "-   :-^-r^ 


thread,  and  unrolHng  the  metallic  lamina 
from  tiie  cylinder,  the  balls  gradually 
collapse ;  tnus  indicating  a  diminution 
in  the  intensity  of  electrical  repulsion. 
If  the  Ifunina  be  sufficiently  long,  the 
electrical  chai^  may  be  spread  over  so 
great  an  extent  of  surface,  as  to  allow 
Q)e  balls  to  hang  perpendicularly  end 
come  in  contact.  Hut  on  winding  up 
the  lamina,  the  intensity  of  the  electrifily 
is  restored,  and  Ihe  balls  diverge  to  the 
same  extent  as  before,  allowance  b«ng 
made  for  the  small  dissipation  ofelec- 
tridty  which  may  have  occurred  from 
the  contact  of  the  air  during  the  experi- 

(82.)  Inthe  caseofalongandslender 

lamina  of  conducting  matter,  chained 
with  electricity.  Coulomb  found  that  ils 
intensity  contmued  nearly  uniform  I'rom 
the  middle  of  the  lamina  to  within  a 
short  distance  from  the  ends ;  at  that 
part  it  rapidly  increased ;  and  at  the 
very  exlremity  it  became  twice  as  much 
as  at  the  nuddle  part.  In  a  circular 
plate,  the  electricity  is  accumulated  in 
much  greater  quantities  at  the  circum- 
ference than  about  Ihe  centre ;  the  in- 
tensities being  in  the  proportion  of  2.9 
to  I :  that  is,  the  intensify  at  the  centre 
is  nearly  one-thiid  of  that  at  the  circum- 

(83.)  Iflhebodybe  an  oblong  sphe- 
roid, arising  from  the  rerolulion  of  an 
ellipse  on  its  greater  axis,  the  thickness 
of  the  strata  of  electricitv,  or,  in  other 
words,  its  intensity,  at  tne  extremities 
Of  the  two  axes,  is  exactly  in  the  pro- 
portion of  the  respective  axes  them- 
selves. It  thus  appears,  that  if  the 
ellipsoid  be  much  elongated,  the  inten- 


sity must  be  very  feeble  at  the  equal 
'    '    irray  ereat  at  the  poles.    A  inu 
r^pia  ftugmentfttioB  of  the  relattvo 
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■  BtECTRICITY. '  ft 

istam^  kt  the  eitremitiea  take*  place  evolved  in  the  line  wUob,'  tb*  dedrid^ 

in  bodies  of  a  cylindric  or  pmmalic  takes. 

form;  and  the  more  ao  as  their  length  (8G.)  The  paaaageof  tlw  eleetrio fluid 

bean  a  greater   proportion    to    their  through  a  perfect  conductor  ia  unat- 

breadth.    Coulomb  tound   by  expert-  tended  with  light.    L^t  appears  onhr 

meat  that,  in  a  cvlinder  thirty  inches  where  there  are  obstudec  in  its  pirn 

long  and  two  incnes  in  diameter,  the  by  the  interposition  of  impn-fect  eon- 

inlenuty  of  the  ekctriciiy  at  the  ends  dueton ;  aod  such  is  the  velocity  with 

waa  to  its  intensity  at  the  middle,  or  at  which  it  is  transmitted,  that  the  ipwkf 

any  part  more  than  tno  inches  from  the  appear  to  take  place  &t  the  very  tune 

extremity,  as  2.3  to  1.    Pm^uing  this  inatantalongthewholelincofitsoourw. 

trun  of  reaaoning,  it  will  lead  ua  to  a  Thus,  if  a  row  of  small  &«gmenta  of 

conclusion  of  some  importance,  namely,  tin-foil  be  pasted  on  a  piece  of  f^ass, 

that  if  the  conducting   substance  be  jff.  19   and  electricity  be  sent  tfarougfa 
drawn  out  into  a  point,  the  intensity  of 

the  electricity  at  tnat  point  will  be  ex-  Fig.  is. 
oeedin^ly  great ;  and  that  the  point  will 
accordingly  absorb  and  draw  mto  itself 
nearly  the  whole  of  the  electricity  that  ii 
contained  in  the  body.  This  Taat  con- 
centration of  electrid^  is  found  actuBiUy 
to  take  place  in  all  points  that  prcgect 

beyond  the  general  surfece.  them  by  connecting  one  of  its  ends  with 
the  conductor  of  an  electrical  machina^ 
while  the  other  end  •ommunicates  with 

CsAPTiK  VI.  the  ground,  it  will  not  be  poasible  to 

TrmuMenee  of  EleeMeity.  <*«*«^  *"y  ?^T\?^  *^'^t  '^  """    " 

■"                  ■"                        '  P.lirrpnpA    nf    Ihn    liirht    in   Ihs 


set  the  electric  equilibrium,  over  thoae  line  of  light  By  vaiying  the  arrange- 
which  tend  to  preserve  it.  The  pressuv  ment  of  the  tin-foil,  we  may  distribute 
exerted  by  the  electric  fluid  aMinst  the  the  lii^t  in  any  manner  we  please,  so  aa 
non-conducting  medium,  sucn  as  the  to  exhibit  a  brilliant  delioMtion  of  tbs 
air.  which  opposes  an  obstacle  to  it*  figure  they  represent  Even  when  con- 
eaoape,  is  in  a  ratio  compounded  of  the  ducting  bodies  appear  to  be  in  contact, 
repulaive  force  of  its  own  pHrticlea  at  if  the  experiment  be  made  in  the  dark,  a 
the  Burfiuw  of  the  stratum  of  fluid,  and  spark  is  generally  seen  to  pass  between 
irfthe  thickness  oEthat  stratum  ;  but  as  tnem,  unless  the  bodies  l>e  pressed  toge- 
one  of  these  elements  is  always  proper-  ther  with  conuderable  force.  Uenc^ 
tional  to  the  other,  the  UAu  pressure  a  chain  appeara  luminous  at  each  link, 
must,  in  every  point,  be  proportional  to  while  conveyiiw  a  charge  of  electricity, 
the  square  of  the  thickness.  If  this  (87.)  The  longest  and  most  vivid 
pressure  be  less  than  the  resistance,  or  narks  are  obtained  between  two  con- 
coercive  force,  as  it  has  been  called,  of  ductors  having  ^  rounded  form,  and  the 
the  air,  the  electricity  is  retained ;  but  more  so  in  proportion  as  they  are  both 
tiie  moment  it  exceeds  that  force,  in  portions  of  spherea  of  large  diameter, 
any  one  point,  the  electricity  suddenly  This  may  be  exemplified  in  a  common 
escapes.  Just  as  a  fluid  confined  in  a  electrical  machine,  by  presenting  a  me- 
vetsel  would  rush  out  if  it  were  to  burst  talhc  ball  of  large  sise  to  that  side  of 
open  a  hole  in  the  side  of  the  vessel.  the  prime  conductor  which  is  fiir1he4 
(85.)  It  is  only  a  certain  proportiDn  from  the  cylinder  of  the  machine.  la 
of  the  whole  quantity  of  electnciW  in  such  cases,  howevor,  the  electricitr 
the  conducting  body  mat  thus  suddenly  being  of  weaker  inteusitv,  the  distanoa 
escapes;  but  the  irruption  of  it  is  between  the  ccnducting  Bodies  Tequiut« 
marked  by  many  veiy  striking  pheno-  for  the  transfer  of  electricity  throu^ 
mena.  all  indicative  of  the  atmiptness  the  air,  or  what  is  termed  I/Us  ttrikinf 
and  violence  with  which  the  chau^  is  dtMlarux,  is  necessahly  small.  If  tht 
effected.  A  sharp  snap  is  hear^  ac-  ball  is  of  smaller  diameter,  or  the  con- 
dnnpanied  by  a  vivid  spark,  and  there  ductor  of  a  more  elongated  shape,  the 
u»  eridaioea  of  an  intense  beat  being  eleetrio^  at  it*  wimet  u  «t  bi)^ 
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intensity,  andwillllwrcforepus  Ihraugh  refracting  crj-slal,  by  refiedion  st  fhe 
a  ^ater  extent  of  air ;  the  spark  is  in  proper  polarizing  angle  from  a  polislied 
this  case  of  considerable  length,  appear-  plane  surTace.  or  by  oblique  refraction 
■ —  M  a  long  streak  of  fire  extend- —    "         '  -  .-.    -■..- 

I   the   conductor   to   the  ball,  i 

instead  of  being  directed  townrds  o        ,^ -,-  ,- --  -i 

point,  beingdiiifibutedtovariouspoints  powerofthe  bodies  between  which  it 
throughout  a  certain  extent  of  the  sur-  passes.  When  an  imperfect  conductor. 
face  of  the  ball,  such  as  wood,  is  employed,  the  electric 

.  Often,  when  very  lone,  the  spark  is  light  appears  in  the  fonn  of  faint  red 
seen  to  have  an  angular  or  lig-iag  streams ;  but  metals  afford  them  of 
course,  <see/^.  20.)  exactly  hke  that  of  great  brilliancy.  Its  cilour  is  subject 
a  flash  of  lightning. — This  irregularity  to  variafion,  from  a  great  number  of 
different  circumstances.  Sparks  pass- 
Fig.  20.  ing  through  balls  of  wood  or  ivory,  are 

of  a  crimson  colour;  but  this  depends 
also  upon  theirposition  with  regard  to 
the  surface.    If  two  pointed  wires  be 
inserted  obliquely  and  in  opposite  di- 
rections info  a  piece  of  soft  deal,  having 
their  points  an  inch  and  a  half  distant, 
but  penetrating  to  diffferent  depths  below 
the  aur^ce.  and  so  that  the  line  joining 
is  probably  occasioned  by  the  fluid  dart-    'h^m  is  in  the  direction  of  the  fibres, 
ing  obliquely  in  its  course  to  minute     the  sparks  passing  from  the  one  to  the 
conducting  particles  that  are  floating  in     other,  will  exhibit  different  colours  at 
the  air,  a  little  removed  from  the  direct    different  depths ;  and  if  one  of  the  points 
bne  of  passage.     Even    particles    of    be  inserted  deejier  than  (lie  other,  all 
moisture  suspended  in  the  air  would  be    'hese  colours  will  appear  at  once,  ac- 
sufficient  to  occasion  these  deviations,     cording  as  the  electnc  light  is  Irans- 
The  presence  of  such  particles  will  ac-     mitted    at    various    depths.      Electric 
count  also  for  the  appearance  of  lateral    sparks  passing  from  one  polished  me- 
scintillations,  which  frequently  seem  to     tallic  surface  to  another  are  wliite ;   but 
diverge  from  the   principal   stream   of    if  fie  finger  be  presented  to  an  electri- 
electricity.     The  greater  the  number  of    fled  conductor,  the  sparks  obtained  are 
such  intermediate  conductors,  or  step-    violet.    They  are  green  when  taken  from 
ping-stones, asitwere.fortheelectrici^,     'he  surface  of  silvered  leather;  yellow 
the  more  readily  will  the  balance  be-     when  taken  from  finely  powdered  char- 
tween  the  forces   be   overset,  and  the    coal;  and  of  a  purple  colour  when  taken 
imiption  of  electric  fluid  determined.         from  the  greater  numl>er  of  iliiperfect 
When  the  air  is  either  sufficiently    conductors.    If  one  of  the  bodies  be- 
motstened,  or  sufficiently  rarefied,  the     tween  which  the  spark  takes   place  is  a 
electric  fluid  passes  through    it  ivilh    green  plant,  the  light  is  red ;  and  the 
comparative  facility,  and  its  track  is    same  is  the  case  with  water  or  ice.    In 
indicated  by  streams  of  lieht,  probably    the  vapour  of  ether  green  ^arks   are 
occasioned  by  many  par^lel   series  of    seen  when  the  eye  is  placed  close  to  the 
minute  sparks  passing  from  particle  to     tube  :  but   they   appear  reddish  when 
particle.  viewed  at  a  considerable  distance.  Even 

(88.)  Electrical  light  differs  in  no  between  the  same  two  metallic  con- 
respect  from  the  light  obtained  from  ductors  the  colour  may  vary  from  the 
other  sources.  Dr.  Wollaston  found  most  brilliant  white  to  the  most  delicate 
that,  when  observed  through  a  priam,  violet,  according  to  the  distance  through 
the  ordinary  colours  arising  from  the  which  the  electricity  is  transmitted,  and 
decomposition  of  light  are  obtained  ;  according  to  the  resistance  of  the  me- 
but  the  prevailing  tint  of  colour  will  dium  which  it  is  compelled  to  Ira- 
vary  occordine  to  the  dififerent  sub-  verse.  In  exceedingly  rarefied  air,  the 
stances  through  which  the  sparks  pass,  coloiu*  of  the  spark  is  green ;  in  denser 
or  to  the  nature  of  the  surface  from  air,  it  acquires  a  blue  tint,  and  passes 
which  they  emanate,  or  by  which  they  to  a  violet  and  purple,  in  proportion  aa 
are  received.  Dr.  Brewster  found  that  the  condensation  of  the  air  is  mcreased. 
it  is  capable  of  undergoing  polarization.  Transmitted  through  other  gases,  the 
either  by  transmission  through  a  doubly    colour  varies  according  to  UieirdrasilT. 
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In  earbonio  uid  fra*.  the  apitrk  is  white  the  nume  cauM.    Biot  hu  adopted  thU 

and  vivid  ;  in  hydrojjccn  gas,  it  is  faint  opinion,  which  appears  to  be  more  con- 

and  red,  sonant  with  philosophical  views  of  the 

(90.)    It    should  be  recollecled,  in  auhject  than  any  tther  :  for  it  is  certun 

making  these  experiments,  that  in  pro-  that  the  whole  of  the  electrii^  light 

portion  as  the  medium  is  more  rare,  its  that  appears  is  not  more  than  what  may 

QOnducting    power    increases,    and  a  proceed  from  the  mechanical  compres- 

smaller   intensity   of  electricity  is  re-  sioa  of  the  air,  the  vapours,  and  other 

Suired  for  the  production  of  light.    In  constituents  of  the    medium    ttirou^ 

le  ordinary  vacuum  produced  by  the  which  the  passage  of  the  electricity  is 

wr-pump,  the  passage  of  electricity  is  effecte'I. 

rendered  sensible  by  streams  or   cO'        (92.)  The  sound  which  accompanies 

lumns  of  diffused   light    occasionally  these  various  modes  of  transference  ia 

var/ine  in  their  breadth  and  intensity,  subject  to  corresponding  modifications, 

and  exhibiting  movemenfa  which  give  dependent  likewise,  no  doubt,  upon  the 

them  araark^  resemblance  to  the  co-  degree  and  the  suddenness  of  the  im- 

ruscations  of  the  Aurora  Borealis.  After  pulses  given  Ic  the  air.   The  full,  short, 

rarefying  the  air  contiuned  in  a  glass  and  undivided  spark  is  attended  with  a 

jar,  about  one  foot  long  and  eight  inches  loud  explosion:  the  more  len^eoed 

m  diameter,    to    the   500th  part,   Hr.  spark,  wilh  a  sjiarper  snap,  which  be- 

Smeaton  placed  the  jar  upon  a  lathe,  comes  more  broken  and  rattling  in  pro 

and  caused  it  to  revolve  rapidly,  whilst  portion  to  the  distance  it  has  to  traverse. 

at  the  same  time  he  rubbed  tt  with  his  The  luminous  Ktreams  produced  by  a 

hand.    A  considerable  quantity  of  lam-  succession  of  minute  sparks  are  scarcely 

bent  flame  appeared   under  his  hand,  productive  of  nuise,  but  are  accompa- 

vari^;ated  with  all  the  colours  of  the  nied  only  by  a  faint  rustling  sound,  like 

rainbow.    The  light  was  steady;  but  that  of  a  sb^amof  wind  through  a  nar- 

every  part  of  it  was  constantly  changing  row  chink. 

colours.  When  a  very  perfect  vacuum  (93.)  A  peculiar  odour  has  some- 
IS  made  in  a  glass  cylinder  covered  with  times  been  perceived  in  the  neighbour- 
a  bra-ss  plate,  the  electric  stream  vJil  hoodof  an  electrical  machinewnich  has 
pass  between  it  and  the  plate  of  the  re-  been  briskly  worked,  so  as  to  emit  for 
ceiver  of  the  air-pump,  in  a  continued  some  time  a  great  number  of  sparks ; 
stream  of  the  same  sue  throughout  its  end  it  has  been  thou^t  to  resemble 
whole  lentrth.  If  a  Torricellian  vacuum  that  of  phosphorus.  This  is  also  pro- 
be formed  in  the  upper  portion  of  a  long  bably  owing  to  some  unknown  chemical 
bent  glass  tube  filled  with  mercury,  and  decomposition  effected  by  the  electricity 
inverted,  by  placing  the  legs  of  the  bent  ■  ■  -■  ■•  .  _.  ■ 
tube  in  separate  basins  of  mercuiy, 
when  electricity  is  transmitted  through  to  remark  the  great  increase  of  inten- 
the  tube,  light  is  seen  to  pervade  the  stty  which  the  dectric  fluid  acquires  at 
vacuum  in  a  continued  arch  of  Inm  the  extremity  of  all  elongated  parts  of 
bent  flame,  without  the  least  diver-  conducting  Bodies ;  and  the  indefinite 
gency.  augmentation  of  this  intensity  which 
(91.)  It  was  natural  to  suppose,  be-  takes  place  at  the  apex  of  all  projecting 
fore  sufficient  consideration  had  been  points.  This  high  intensity  will  neces- 
bestowed  upon  the  subject,  that  the  sarily  be  accompanied  wilh  a  powerftil 
light  which  appears  during  the  passa^  tendency  in  the  fluid  to  escape  ;  a  cir- 
of  electricity,  was  actually  the  electnc  cumstance  which  furnishes  a  natural 
fluid  itselt,  whicli,  at  some  certain  and  exact  explanation  of  the  rapid  dis 
degree  of  accumulation,  was  in  itself  sipation  of  electricity  which  takes  place 
luminous ;  and  such  was  the  notion  en-  from  all  bodies  of  a  slender  and  pomted 
lertained  hv  the  early  electricians.     But  form. 

since  we  know  tliat  common  almos-        The  following  experiments  illustrate 

pheric  air  becomes  luminous  bv  violent  these  positions.     I^  the  insulated  con 

compression,  and  we  must   also  pre-  ductor  of  a  machine  be  furnished  with 

sume  that  electricity  exeits  a  very  sud-  a  pair  of  pith-balls,  suspended  by  a  fine 

den  and  powerful  pressure  upon  the  wire,  and  charged  with  either  species  of 

air  by  its  passage  through  that  residing  electricity ;  the  divergence  of  the  balls 

medium,  we  are  certainly  justified  in  will  indicate  the  presence  and  degree  of 

drawing  the   inference  that  the  same  this  electricity.    If  a  metallic  rod  vrilh 

liheDQmena  proceed  in  both  cue*  from  «  ball  at  one  end  be  held  in  the  hand. 
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uid  the  ban  presented  to  the  conductor,  in  a  direction  opposite  to  thkt  of  ths 

taking  care  not  to  bring  it  snfficiently  stream ;  and  this  taking  place  at  all  ttw 

near  to  draw  a  Bnwk.  the  balls  will  be  four    points,    the   whole    systnn    will 

but  little  affected,  and  their  divergence  revolve    backwards   with  eonsiderablB 

will  continue  for  a   considerable  time,  rapiditj. 
But  if  the  rod  terminate  in  a  sharp  point.         The   following   is   another   fimn  in 


instead  of  a  ball,  and  the  point  be  pre- 
sented to  the  conductor  at  the  same  dis- 
tance as  the  ball  was  in  the  former  case, 
the  electroscope  will  immediately  col- 
lapse, showing  that  the  electrical  cher^ 
has  entirely  disappeared  :  it  has,  in 
feet,  tjeen  rapidly  drawn  otF  by  the 
pointed  rod.  Jt  is  quite  immatenal  to 
the  success  of  the  experiment  whether 
we  affix  a  point  to  the  conductor  itself, 
or  whether  we  present  to  it  a  point  held 
in  the  hand ;  the  esca];>e  and  dispersion 
of  the  electricity  lieing  equally  jiro- 
moted  by  the  presence  of  a  point,  whe- 
ther the  nuid  be  given  out  or  absorbed ; 
(br  it  is  scarcely  necessary  to  remark 
that  the  very  same  kind  of 
applies  equally  to  iKith  the  positi> 
negative  conditions  of  electricity. 
(95.)  Currents  of  ajr  always 


iriment  may  be  made. 


CKpenmen 


are  stretched  ii 


the  dhection  of  a  plane,  slightly  in- 
clined to  the  horizon,  between  four  in- 
sulating pillars.  Across  these  vrires, 
another  wire  is  made  to  rest,  termi- 
nating by  small  baUs  at  each  end,  and 
'      ing  a  cross  wire  fixed  to  it  at  ridit 


(fig.2\,)  the  ends  of  which  terminate  in 
Fig.a\. 


pany  the  discharge  of  electricity,  whe-  angles,  vrith  two  bent  points,  as  in  flie 
ther  positive  or  negative,  from  pointed  former  experiment.  When  this  system 
bodies ;  for  each  particle  of  air,  as  soon  is  electrified,  the  dispersion  of  the  elec- 
as  it  has  received  its  electricihr  from  tricity  from  the  points  produces  a  re- 
the  point,  is  immediatelyrepellHlbythe  volution  of  the  bars,  which  makes  the 
body,  liiese  currents  tend  powerfully  transverse  bar  roll  up  the  inclined  plane, 
to  increase  the  dissipation  of  the  elec-  An  apparatus  consisting  of  wires  ter- 
tricity,  by  bringing  m  contact  with  the  minatint»  in  points,  ana  having  baUs 
point  a  continue  succession  of  particles  annexedtoihem  to  represent  the  planets, 
of  air,  that  are  not  yet  electrified,  and  may  be  constructed  so  as  to  revolve 
arc,  therefore,  ready  to  receive  a  charge,  wlien  electrified ;  and  thus  to  imitate  the 
Man)!  amusing  experiments  are  founded  planetary  motions.  Such  an  apparatus 
on  tKs  principle.  Let  two  cross  wires,  has  been  called  an  electrical  orrery. 
'    "■  "  "         '     '    ' (96.)  It   should  be  otiserved,  how- 

ever, that  a  point  loses  its  power  of 
concentrating  and  dispersing  clectrici^ 
when  it  is  surrounded  \iy  other  parts 
of  the  conducting  body  which  are 
equally  prominent ;  as  when  it  is  placed 
between  two  balls,  or  inclosed  in  a  tulw, 
or  when  it  does  not  rise  above  the  ge- 
neral surface  of  the  body.  The  efiect 
points,  bent  in  a  similar  direction  with  of  one  point  b  much  diminished  even 
respect  to  the  axis,  be  supported  by  by  the  vicinity  of  another  point;  so  that 
means  of  a  cap  upon  a  fine  point,  and  if  several  pomts  placed  near  each  other 
electrified  by  being  placed  npon  the  lie  presented  to  the  conductor,  the  elec- 
prime  conductor  of  a  machine.  Each  tricity  is  drawn  off  much  less  rapidly, 
of  the  points  will  give  off  a  stream  of  and  will  be  transferred  by  sparks  in- 
electrkity :  this  wiu  remove  a  part  of  stead  of  forming  a  continued  stream, 
the  pressure  which  the  fluid  would  have  (97.)  When  the  transfer  of  electri- 
exerted  on  that  side  if  no  efflux  bad  city  takes  place  t)etween  smooth  surfaces 
taken  place ;  but  as  the  pressure  of  the  of  a  certain  extent,  no  difference  can  b« 
fluid  on  the  opposite  side  of  the  wire,  perceived  in  the  nature  and  appearance 
in  the  opposite  direction,  still  operates  of  the  spark,  whichever  be  the  position 
in  full  force,  the  win  will  be  impelled  of  the  negative  siirfece.  But  in  the 
in  the  direetion  of  that  fi»ce,  that  te,    p«SMg«  of  deetricity  through  points. 
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the"  efifect  is  eonsideribly  modified  by  pmjectile  velocity  as  to  prevent  thair 
the  species  of  electricity  witii  Vfhich  tlie  •  preading  out  beyond  a  certain  distance 
bodies  are  char^  ;  or,  in  other  nords.  from  the  direct  Ime  of  projection.  But 
DvthedirectioninwhichthefluidmoTM.  this  very  velocity  will  cbttv  the  par- 
When  the  electric  fluid  is  eaci^ng  out  beles  that  happen  to  have  deviated 
0/  a  pointed  conductor,  the  luminous  mo«t,  somevfhat  beyond  the  point  to 
af^earance  is  that  of  diverging  streams,  vrhich  they  are  attracted  :  while  the 
e«  represented  in  jig.  23 ;  forming  attraction  to  this  latter  point  mill  tend 
wh»t  IS  termed  a.pea<ii  of  light,  and  to  deflect  them  from  the  line  of  their 
path,  and  gradually  turn  them  back,  so 
Pig.  23.  .  that  they  vriU  amve  at  the  point  of 

attraction  by  very  different  paths,  and 
some  even  by  a  retrognuie  motion. 
Hence,  while  in  the  first  case  they  form 
a  diverging  cone  of  ravs,  in  the  latter 
they  must  be  distributed  on  all  sides  of 
the  point  like  the  rays  of  a  star.  The 
annexed  diagram.  Jig.  24,  will  suffi- 
ciently illustrate  this  explanation  t>y 

resembling  the  filaments  of  a  brush.  Fig.  24. 

When,   on   the   cjnliary,   the   electric  _. ■'_" — •> 

fluid  is  enleriiig  into  the  pointed  body, 
the  light  is  much  more  concentrated  at 
the  point  itself,  having  a  resemblance 
to  a  ttar,  in  which,  if  any  streams 
appear,  they  are  disposed  like  radii,  and 
equally  so  in  all  direetions.  An  approach 

to  these  different  modificationa  may  be  representing  the  supposed  course  of  the 
remarked  when  sparks  pass  between  particlesof electricfiuid.pa'isingthrough 
balls  of  small  diaitieter,  especially  if  the  air  Irora  the  positive  to  the  ncga- 
the  charge  is  high.  Thus  the  direction  live  point.  What  weight  the  argu- 
of  the  lateral  ramificalions  sent  out  ment  derived  from  this  phenomenon 
from  the  principal  line,  in  Uie  branched  may  be  allowed  in  deciding  the  question, 
spark,  jJ^.  20,  is  from  the  positive  to  will  be  discussed  in  Ihe  sequel. 
the  negative  surface.  (99.)  The  ditference  which  we  hare 
(98.)  In  describing  the  above  ap-  now  described  in  these  two  appearances, 
pearanees,  we  have,  as  usual,  referred  may  be  employed,  on  many  occasions, 
to  Ihe  hypothesis  of  Franklin :  but  if  as  a  useful  criterion  of  the  species  of 
we  adopt  that  of  the  two  electricities,  electricity,  at  least,  which  is  passing 
we  have  only  to  consider  the  appearance  from  one  conductor  to  another,  if  not  S 
of  the  pencil  of  light  as  arising  from  the  the  absolute  direction  of  its  motion.  For, 
double  current  of  the  vitreous  electricitjr  if  a  needle  be  presented  to  an  electrified 
isiuing  f^m  the  point,  and  of  the  resi^  bodv,  the  appearance  of  a  star  on  the 
nous  electricity  passing  into  it :  while  neeole  will  snow  that  the  electricity  of 
the  star  will  tie  tbe  effect  of  the  irruption  that  body  is  positive ;  while,  on  the  con- 
of  the  resinous,  and  the  absorption  of  trary,  a  luminous  brush  on  the  needle 
the  vitreous  electricities.  But  this  re-  will  indicate  that  Ihe  body  is  n^ative. 
markable  diSierence  in  the  phenomena  (100. 1  The  influence  of  a  pomt  pro- 
produced,  according  to  the  particular  jecting  a  short  distance  from  tne  surtace 
species  of  electricity  with  which  the  of  a  body,  is  greater  when  that  body  is 
point  is  charged,  has  always  been  urged  negative  than  when  it  is  positive.  Hence, 
&a  a  convincing  argument  in  favour  of  a  spark  is  more  readily  obtained  in  the 
the  Frankhnian  theory.  They  appear  latter  case  than  in  the  former. 
very  strongly  to  indicate  the  emanation  Oii  this  principle  an  instrument  has 
of  some  materialfluid  from  the  positive,  been  invented  Ey  Mr.  Nicholson  for 
and  its  reception  by  the  negative  point!  distinguishing  the  negative  from  the 
The  diverging  lines  on  the  one  side,  and  positive  electricity.  It  consists  simply 
their  inflections  on  the  other,  represent  of  two  metallic  bdls  fixed  at  the  ends  of 
exactly  the  paths  of  partides  flowing  two  curved  rods  of  ^lass,  and  moveable 
out  as  from  a  pipe,  and  uived  fDrwatjis  like  branches  on  a  joint,  so  as  to  admit 
by  a  force  wluch  gives  uem  such  a  of  tbe  twlls  t^dng  placed  at  diffiarent 
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distance!  from  each  other,  when  held  bf  Auid  accumulated  at  the  nnaote  <nd, 

a  hmidle  proceeding  from  the  joint.    A  will  just  balance  the  repulnon  of  the 

short  i>oint  pnqecls  from  one  oilhe  balls  fluid  in  the  dectric,  added  to  tiie  attnic- 

on  the  side  adjacent  to  the  other  ball ;  tionottheuiider-saturaled  maller.in'.he 

and  this  point   affords  a  spark  at  a  near  end ;  and  when  this  limit  han  r>een 

sliorter  lUslanoe  when  positively,  thwi  attained,  the  (low  of  eletitric  flaid  from 

when  negatively  elcetiiSed.  the  near  tu  the  remote  end  of  the  body 

will  cease,  and  an  equiULTium  will  be 

established. 

CHAfTBK  VII.  (10'^.)  Experiment  shows  the  perfect 

r\^.i,..^~.i  ^f  ti..  T  ~.  ^r  T-j.  ^■,  coincidence  of  theory  with  the  actual 

DeMloprnmlo/OeLwo/Inducbon.  ^^    Let  acylinder  bf  metal.  NP.  (see 

(101.)    Wb  liave  next    to  trace    the  fig- ^i,)  of  some  len^,  vritti  rounded 

conaequences  of  that  important  Jaw  of  ends,  and  fUraished  in  diScreiit  parts 
elechticite  vrhich  has  been  called  the 

Law  of  Induction.  Fig.  25, 

Active  electhdly  e^sistinrin  any  sub- 
stance tends  always  tu  induce  the  op- 
posite electrical  state  in  the  bodies  that 
are  near  it.  Now  it  is  impassible,  as 
we  have  already  seen,  to  mduce  one 
electrical  state  m  any  body  without  at 

the  same  time  produdng  the  opposite  with  purs  of  suspended  pilh-balls,  to 
state  in  the  same  body,  or  in  the  one  serve  as  electroscopes,  being  previously 
which  is  immediately  contiguous,  Ac-  insulated,  be  placed  in  the  vicmify  of  an 
cording  to  the  simpler  theory,  the  accu-  electrified  globe  of  glass,  E,  taking  care 
mulation  of  electncity  in  any  one  part  that  it  be  not  sufficiently  near  to  receive 
can  be  effected  in  no  oilier  way  than  by  wiy  quantity  of  electricity  by  transfer- 
withdrawing  it  from  another  part,  nor  ence. 

can  it  be  abstracted  from  the  one  with-  We  shall  find  that  every  pair  of  balls, 

out  being  received  by  another ;  so  that  except  those  situated  in  a  particular 

there  is  alviays  an  equal  d^ree  of  nega-  plane  Mm,    about  the  middle  of  the 

tive  as  of  positive  electricity,  and  vice  cylinder,  will  immediately  diveige,  indi- 

vers^,  in  eveiy  case.    Acconling  to  the  eating  the  electrical  states  of  the  puts 

more  complex  theoi^,  if  we  decompose  ttom  which  they  are  suspended.  'Dioie 

the  natural  electricities  residing  in  any  at  either   extremity  at  the   body,  n,p, 

body,  we  must  at  the  same  moment  ob-  divcr^  the  most ;  and  the  divergence 

tain  equal  quantities  of  both  the  vitreous  diminishes  as  vie  approach  the  middle 

and  rcunous  electricities.    It  follows,  plane  before  mentioned,  at  which  the 

therefore,  that  if  the  bodies  subjected  to  body  is  in  the  natural  or  neutral  state. 

the  inductive  influence  are  non-conduc-  The  position  of  this  plane  of  neutrality, 

tors,  although  the  tendency  to  produce  Mm,  varies  according  to  the  distance  of 

the  opposite  electricity  still  exists,  yet  the  electric,  and  the  relation  which  Ihat 

in  consequence  of  the  immolrility  of  the  distance  Ijears  to  the  length  of  the  body 

fluid,  it  can  produce  no  visible  change,  itself.    Ifwefurtherexamine  the  species 

In  proportion  as  the  body  opposes  less  of  electricily  residing  in   the  difftrent 

resistance  to  the  passage  of  electricity,  parts,  vre  shall  find  it  to  be  negative  in 

the  operation  of  the   disturbing  force  all  the  parts  nearer  to  the  electric  than 

Iwcomes  sensible ;  and  in  order  to  fix  the  neutral  plane,  and  positive  in  all 

our  ideas,  let  us  first  take  Ihe  ca.se  of  those  more  remote.     We  may  ascerlaiii 

a  positively  diarged  electric,  acting  by  with  much  greater  accuracy  Ihese  elec- 

mduction   on   an  insulated  conducting  trical  states  by  the  employment  of  the 

body.    The  redundant  fluid  in  the  for-  proof  plane  and  electrometer  of  Cou- 

mer  will  tend  to  repel  all  the  fluid  con-  lomb,  than  by  the  pith-balls ;  and  the 

tained  in  the  latter:  a  portion  of  this  results  are  then  found  to  correspond, 

fluid  will,  therefore,  be  ariven  from  the  with  the  most  rigorous  precision,  with 

side  adjacent  to  the  first  body,  towards  the  deductions  fifum  the  theory  of  elec- 

the  remoter  side.     The  adjacent  side  t™»3  action. 

wDI  thus  be  rendered  nepitive  ;    the  (103.)    These  effects,  it  should  ht 

remote  side,  positive.    But  fliis  will  take  remarked,  are  simply  the  result  of  the 

place  to  a  certain  extent  only :  for  there  action  of  electrici^  at  a  diatanoe ;  tat 

19  a  limit  at  whi^  the  r^ubion  of  Uk  they  depend  upon  no  other  nreumstaae^ 
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^ey  take  place  in  an  equal  degree  distant  from  that  body  b^n  to  col- 
whatever  suDstance  be  interposed  be-  lapse,  while  those  at  the  nearer  side 
tw«en  the  bodies  which  are  exertinetliis  diverge  to  a  greater  degree  than  before; 
action  on  one  another,  providea  the  thus  sliowing  the  nature  of  the  reflex 
inteiposed  substance  undei^oes  do  operation  of  the  induced  electricity  of 
chan^  in  its  own  electrical  state;  a  the  conductor  iipoa  the  body  Dum 
condition  which  is  ftitfiUed  in  electrics  which  the  induction  originated. 
only.  Thus,  induction  will  take  place  (lOS.)  It  should  be  recollected  thai  in 
<ust  as  effectually  through  a  plate  of  all  the  changes  we  have  thus  traced  as 
j^asa,  as  if  no  sucn  substance  had  inter-  the  effects  oi  induction,  there  lias  been 
vened.  no  transfer  of  electricity  &om  either  of 
(104.)  Let  us  now  suppose  that  the  the  bodies  to  the  other  ;  as  was  suffi- 
a4!tingbody,E,  is,  instead  of  an  electric,  cienlly  proved,  indeed,  by  their  takini; 
a  conducting  body,  a  globe  of  metal,  for  place  equaUy  iPaplate  of  glass  bcinttr- 
exaoiple,  charged  with  positive  electri-  posed.  Another  proof  is  afforded  by 
city.  The  primary  effects  of  this  gtot)*  the  circumstance  tnat  the  mere  removal 
on  the  cyHnder  will  be  the  same  as  in  of  the  bodies  to  a  distance  from  one 
the  former  case ;  but  the  electrical  state  another,  is  sufficient  to  restore  each  of 
which  the  globe  had  induced  on  the  them  to  Iheir  original  state.  The  globe 
cylinderwill  re-act  upon  its  own  electri-  remains  as  positively  electrified  as  be- 
city.  The  negative  electricity,  that  is,  fore ;  the  cylinder  returns  to  its  condi- 
the  under-saturated  matteratthenearer  tion  of  perfect  neutrality;  nothing  has 
end  of  the  cylinder  N,  exerts  a  tendency  been  lost,  and  nothing  gained  on  either 
to  induce  positive  electricity  in  the  side.  The  experiment  may  be  repeated 
globe,  and  more  especially  upon  the  asoftenas  we  please,  without  any  varia- 
adjacent  side,  F  :  that  is,  it  will  tend,  by  tion  in  the  phenomena.  But  this  would 
its  attraction  for  the  fluid,  to  diuw  it  to  not  be  the  case  if  the  cylinder  were 
that  side,  and  thus  render  it  still  more  divided  in  the  middle,  and  one  or  both 
highly  positive  than  it  was  before.  This  of  the  parts  were  removed  separately, 
can  only  be  done  at  the  expense  of  the  while  thejr  still  remained  under  the  in- 
other  side,  O,  from  which  the  fl\ud  must  fluence  of  the  globe.  The  return  of  the 
betaken,  and  which  is,  therefore,rendered  electi-ic  fluid  from  the  positive  to  tlie 
less  chafed  with  fluid,  that  is,  less  po-  n^^itive  end  tjeing  thus  prevented,  each 
sitive  than  before.  But  this  new  distri-  part  will  retain,  alter  its  separation,  the 
bution  of  the  electric  fluid  in  the  glot>e,  electricity  which  had  been  induced  upon 
l^  increasing  the  positive  state  of  the  it>  The  nearer  portion  will  remain  ne- 
•ide,  F,  next  to  the  cylinder,  tends  to  gative ;  the  remoter  portion,  positive, 
augment  its  inductive  influence  on  the  If  the  division  had  been  in  three  parts, 
fluid  in  the  cylinder ;  that  ia,  to  drive  the  middlepart  only  would  have  been 
■n  additional  quantity  of  Huid  irom  the  neutral  The  experiment  may  be  made 
negative  to  the  positive  end.  This  is  by  joining  two  or  more  conductors  end- 
fdlowed,  in  its  turn,  tiy  a  corresponding  wise,  as  shown  in  Jig.  26,  so  that  they 
reaction  on  the  globe,  and  so  on,  con- 
stituting a  series  of  smaller  adjustments,  ^-  ^^• 
nntil  a  perfect  equilibrium  is  established  ~ 
in  every  part.  When  this  has  been  I 
attained,  the  electrical  states  will,  it  is  I 
evident,  be  of  the  same  kind  as  those 
consequent  upon  the  immediate  actions, 
thoii^  aomewhat  increased  in  intensity  may  act  as  a  single  conductor  when 
by  the  series  of  reactions.  placed  near  to  the  electrified  globe,  and 
The  following  experiment  is  a  practi-  after  induction  has  thus  been  produced, 
cai  illustration  of  the  preceding  reason-  removing  them  separately,  and  examin- 
ing. Furnish  the  metallic  globe  with  ing  their  electrical  states.  If  £  l)e  po- 
electroscopea  on  its  opposite  surfk^s ;  siiive,  N  will  be  found  negative,  P  po- 
when  the  glolw  is  insulated  and  alone,  aitiVe,  and  M  neutral. 
vay  electricity  communicated  to  it  will  (1(16,)  Another  modification  of  effect 
ditfuse  itself  equally  over  the  surface,  will  take  place  when  an  insulated  con- 
and  both  the  electroscopes  will  diverge  ductor,  rendered  electrical  at  both  ends 
equally  But  no  sooner  do  we  bring  by  induction,  is  made  to  communicate 
near  to  it  a  conducting  body,  than  the  with  another  conductor.  Let  us  first 
balls  of  the  electrotcopti  at  the  tide  most  suppose  that  a  long  metallio  conductoK 
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ii  brought  into  contact  with  the  remote  wUl  readily  become  active,  if  the  oon- 

end  of  the  fbit  cylinder  P,  ( Jig.  25),  ductcn'  that  hu  been  touched  be  agwn 

which  has  been  rendered  positive  b^  in-  iniula^,  and  then  removed  from  the 

duction.    The  fluid  accumulated  at  this  influence  of  the  fbrmir.    This  peculiar 

end  will  now  pass  irito  the  eonductnr,  condition  of  a   t>ody,  in  which  its  partf 

and  will  remove  to  the  most  distant  part  an  really  undercharged  or  overchai^ed 

of  the  conductor.     Ibe  transit  will  now  with  fluid,  although,  from  the  action  of 

talie  place  before  actual  eonlact,  and  electncal  forces  denved  from  bodies  in 

will  b«  manifested  by  the  appearance  iti  ficinity.  a  state  of  equilibrium  ii 

of  a  spark  when  the  bodies  are  brought  eatablisheo,  and  no  visible  effect  results, 

within  the  striking  distance.    The  re-  has  been  denominated  by    Biot,  di*- 

moval  o  r  this  fluid  to  a  greater  distance  gtiUed  dectridty. 
win  occasion  a  disturtunce  in  the  equi-        (108.)  It  is  also  worthy  of  remark, 

librium  that  had   l)efbre   been   esta-  that  if  the  conunmiication  between  the 

blished.  Tbe  repuUion  which  that  fluid  insulated  conductor  and  another  longa: 

had  excited,  and  which  had  contributed  conductor,  or  the  earth  itself,  be  made 

to  prevent  any  more  fluid  from  being  at  either  end  of  the  fonnw,  the  same 

prc^>eUed  from  the  negative  end  N,  is  effect  will  resul^  and  the  electric  fluid 

now   considerably  weakened    bf    the  accumulated  at  its  remote  end  will  be 

greater  distance  at  wliich  it  acts ;  and  earned  off  by  the  lon^   conductor, 

more  fluid  will  leave  the  negative  end,  although,  it  will  have,  m  one  case,  to 

which  end  will  conseuiiently  become  pass  round  through  the  end  nearest  to 

more  hi^y  nsative.    This  change  of  the  body  which  repels  it.    l%e  open- 

distributionwilla^ainoccasion  afurt)>er  tion  whieh  hoe  takes  place  may  be  il- 

efftet,  by  its  reaction  on  the  fluid  in  the  lustrated  by  the  motion  of  a  fluid  in  a 

globe  whence  the  action  originally  pro-  syphon.     A  repulsive ,  force  is  acting 

ceeded ;  and  another  series  of  changes  upon  the  fluid,  both  in  the  shorter  and 

and  adjustments  will  follow,  until  a  new  the  longer  column ;  but  with  regard  to 

condition  of  equilibrium  takes  place,  themouon  ofthe  fluid  in  thebentchan- 

and  then  ihe  fluid  will  be  at  rest  nel  the  one  force  is  in  opposition  to  the 

(107.)  Thus  we  learn  Uiat  the  eRMs  other,  and  the  tendency  of  the  fluid  in 

of  induction  on  a  conductor  are  aug-  the  longer  column  prevailing  over  that 

mented  by  increasing  its  length;   they  in  the  shorter,  will  draw  off  the  latter, 

would,  therefore,  be  greatest  of  all,  if  round  the  bend  of  the  supposed  syphon, 

we  could  give  it  infinite  length :  butthe  lih'usin  the  bent  conductor  A  N  P(/!f. 

■atne  conation  is  attainable  by  placing  37,),  the  repulsion  exerted  bv  the  fluid 

the  conductor  in  communication  wilh  in  E  for  that  in  the  longer  column  NP, 
the  earth,  wluch  will  accordinriy  carry 

off  all  the  fluid  which  the  electrified  Kg.  27. 

body  is  capable  of  expelling  from  the 
nearest  eno.  Accordingly,  if  we  touch 
with  the  flnger,  or  with  a  metallic  rod 
held  in  the  hand,  Ihe  remote  end  of  an 
insulated  conductor  under  the  influence 
of  induction,  we  obtain  a  spark,  more 

or  less  vivid  aecording  to  the  intensity  bdng  greater  than  its  repulsion  for  that 
of  the  electricity  so  induced ;  and  the  in  the  shorter  column  N  A,  the  fluid  in 
oonductor  so  touched  has  now  only  one  A  will  be  carried  over  the  bend  N,  not- 
kind  of  electricity,  namely,  the  one  op-  withstanding  its  tendency  to  move  from 
posite  to  that  of  the  electrified  body  N  towards  A. 

which  is  acting  upon  it     The  pait        (io9.)    We  have  hitherto  supposed 

touched  is  brought  mto  a  state,  in  which  the  acting  body  to  be  positively  efeclri- 

U  appears  to  be  neutral  as   long  as  it  fled ;    but  precisely   the    same   effecU 

remams  in  the  vicinity  of  the  electnfled  would  happen  with  regard  to  degree, 

body ;  because  the  actions  of  the  re-  although  opposite  as  to  the  species  of 

duadant  fluid,  and  unsaturated  matter  electricity,ifit  had  been  negatively  elec-, 

in  the  two  bodies,  exactly  balance  one  trified ;  and  the  same  explanations  will 

■nother.  But  it  all  the  while  reallycon-  ineveryrespectapply,  witn  therequisite 

tains  1«BS  flukl  than  it*  natural  share,  in  substitution  of  the  terms  negative  for 

eoQsequenee  of  the  repulsive  tendency  positive,  and  of  attraction  for  repulsion. 

oC  the  thud  in  the  body  which  produces  and  vice  vend.     A  httle  jeflecUon  will 

■k..  ^ftj,.^^ .  m^  jj^  iKgatm  lUte  tJio  easily  shon  the  pfgliifntiim  oC  tte 
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Iheory  of  the  dimble  electriaitiea  to  es-  desi^ated  bjr  the  term  dtiguutd  elee- 

plain  the  same  phenomena.  trialy, 

(110.)  Another  consequence  of  th«        (H^-)  In  proportion  as  the  irterrup- 

i&duetionofelectricity  must  not  be  over-  tions  to  the  continuity  of  the  line  of 

looked,  namely,  that  the  bodies  betweoi  coiuluctors  are   more    numerous,  the 

irtiich  it  takes  place,  necesMhlr  attract  more  nearly  will  such  a  system  ap- 

ona  another :  for  the  action  of  me  adja-  proach  to  the  condition  of  an  imper- 

centndei  PandN(_/t^.  2ft>,  which  are  fectly  conducting  body.  Thesameprin- 

brou^t  into  opposite  electrical  states,  dple  admits  oflieing  extended,  with 

ii  ^ater  than  the  action  of  those  sides  some  modifications  indeed,  to  the  con- 

which  an  in  the  same  electrical  states,  stitution  of  eiectrica  themselves,  as  we 

F  and  P,  and  which  are  more  distant ;  shall  have  occasion  to  notice  in  the 

hence  the  attndire  fbrce  always  exceeds  aequel. 
the  repulsive.     We  have  already  seen 

that  this  circumstance  sufficiently  ex-  CHAfTsa  VIII. 

plains  the  fact  th^  conducting  bodiee, 
[n«viouslv  neutral,  are  attracted  tw 
deotrifled  bodies.    Another  fact,  which 

appears  more  singular,  and  which  can.  (113.)  Tmh  most  important  application 

■ot  be  accounted  for  on  any  other  prin-  of  the  principle  of  induction  is  that  by 

dple,  is  also  a  direct  consequence  of  which  a  vast  accumulation  of  electricity 

the  law  of  induction.    If  a  small  body  :s  obtained  in  a  small  space,  while  its 

weakfy  electriflGd,  be  placed  at  a  dia-  intensity,  or  tendency  to  escape,  is  at 

tance  from  another  and  a  larger  body,  the  same    time   rendered    exceedingly 

more   highly    charged  with  the  same  small.     TTiis  condition  exactly  corre- 

apecAe*  of  electricity,  it  will,  as  usual,  sponds  to  that  which  has  been  termed 

be  repelled;    but   there  is  a  calaJn  Juguued eCeetricily. 
distance  within  which  if  it  he  tirought,        (114.)  Let  two  envular  metallic  plates 

BHraction  will  take  place,  instead  of  re-  P  and  N  (Jig.  28),  be  placed  the  one 

pulsion.    This  happens  in  consecjuence  immediately  over  the  other,  but  sepa- 

of  the  inductive  influence  producing  so  rated  byaoon-conduetingmedium.auch 

great  a  change  in  the  distribution  of  asthe  aiT,or, what  is  stillbetter.a  plate 

electricity,  as  to  give  a  preponderance  of  glass.  Let  the  upper  one  F,  commu> 
to  the  attTHctive  forces  of  the  adjacent 

parts  of  the  two  bodies,  over  the  repul-  ffg,  28. 

ave  forces  that  take  place  in  the  other 
parte,  and  which  would  have  alone 
Mted  if  the  fluid  had  been  immoveable. 

(til.)  From  the  principles  now  laid 
down,  it  will  be  easy  to  understand  how 
induction  may  operate  through  a  suo- 
oession  of  conductors,  which  ere  all  of 
tiwm  insulated,  except  the  last ;  and 
which  are  separated  from  each  other  by 
diitances  greater  than  that  at  which  a 

transfer  of  electricity  would  take  plac&  nieate,  by  a  wire  M,  with  the  prime  con- 
It  midM- such  chvumstances,  the  first  be  ductorof  the  electrical  machine;  and 
electrified,  alternate  states  of  opposite  let  the  lower  one  N,  tte  insulated  by 
elcotridtiM  will  be  produced  in  tne  two  resting  upon  three  glass  supporters. 
ends  of  each  conductor  in  succession.  I.et  P  be  charged  with  a  certam  quan- 
In  all  the  ends  nearest  to  the  first  body,  tiU  of  electric  fluid.  The  fluid  natu- 
the  electricity  will  be  of  the  opposite  rally  contained  in  N.will  be  repelled  by 
land  to  that  with  which  the  first  has  the  fluid  in  P,  and  will  quit  the  upper 
been  charged  ;  in  the  other  ends  it  will  surface  of  N  in  order  to  occupy  its  lower 
be  of  the  same  kind  as  that  of  the  first  surface.  When  this  change  has  taken 
body.  The  vicinity  of  these  opposite  place,  let  N  be  touched  by  a  wire  W, 
dertricities  will  tend  powerfully  to  re-  establishing  a  communication  twtween 
tun  them  in  that  condition,  and  will  it  and  the  ground.  All  the  fluid  which 
diminish  their  electric  action  on  sur-  was  accumulated  in  the  lower  surface 
rounding  bodies.  A  large  portion  of  of  N,  will  be  carried  off  hy  the  wire^ 
&e  electricities  so  arranged  and  re-  and  the  whole  plate  will  thus  be  n^- 
tnaed,  it,  tt»sela«r  in  the  condition  ti?e,  or  mniPwiuargBd  wik  fluid*  ua 
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redundant  matter  in  N  will,  Iiy  its  aU  ence  to  fluid  in  the  wire  M.  however, 

traction  for  the  fluid,  dmw  more  of  it  the  action  of  the  redundant  fluid  in  V, 

into  the  upper  plate,  which  will  be  sup-  is  not  balanced  by  that  of  the  unsalu- 

phed   tram  the  conductor  of  the  nw.  rated  matter  in  N,  which  latler  is  both 

chine  through  the  wireM;  and  sttch  weaker  in  itseif  and  more  distant.  Thtis, 

an  additional  quantity  will  be  itccumu-  while  N  ia  neutral  with  respect  to  the 

lated  in  P,  as  will  balance  the  increased  conductors  which  touch  i^  P  is  in  a 

attraction  ofthe  matter  in  N,  and  main-  slight  degree  aclive,  in  consequence  of 

tain  it  at  the  same  intensity  as  the  fluid  this  small  preponderance  of  force,  and 

in  the  prime  conductor.     That  ttiis  is  a  portion  of  its  fluid  tends  to  escape, 

what  really  happens   will  be  rendered  Hmce,   if   N  be   asain  insulated,   by 

evident  by  placing  an  electroscope  upon  removing  (lie  wire  W,  and  the  wire  M 

the  prime  conductor  ;    for  the  moment  be  now  made  to  communicate  with  the 

.  the  plate  N  communicates    with    the  ground,  this  portion  of  the  fluid  in  P 

ground,  the  bolls  of  the  electroscope  will  pass  off  uv  it ;  bul  not  any  larger 

collapse,  showing  that  the  intensity  of  quantiW,  for  tne  remaining-  portion  is 

the  Quid  in  the  prime  conductor  is  sud-  retained  by  the  attraction  of  the  unsa- 

denly  reduced  by  the    great    quantity  turated  matter  in  N.     Pis,  by  this  loss, 

that  has  been  absorbed  by  the  plate  P.  rendered  neutral,  as  N  had  before  been. 

The  machine  must  now  again  be  set  in  and  it  now  no  longer  acta  on  the  fluid 

motion,  in  order  to  supply  the  electri-  beyond  it  in  M.    The  influence  of  P  on 

ci^  which  has  been  uius  abstracted  that  fluid  ia  greater  than  that  of  N  in 

from  the  conductor.    The  operation  of  respect  to  its  greater  vicinity,  but  less 

each  plate  on  the  other  may  be  con-  in  as  far  as  regards  the  intensity  of 

sidered  as  that  of  increasing  its  electri-  action,  and  the  compensation  ii  exact. 

col  capacity,  or  of  rendering  a  large  But    under  -  these    circumstances,  N, 

proportion  of  its    electricity  latent  or  which  was  before  neutral,  becomea  in 

disguised.  its  turn  active,  and  now  that  the  repul- 

(IIS.)  It  is  evident  that  the  quantity  sion  of  the  fluid  in  P  is  diminished,  wilt 

of  electric  fluid  driven  out  of  the  lower  absorb  a  certain  quantity  of  Ihe  fluid  as 

plate  by  the  action  of  the  fluid  iu  the  soon  as  it  is  touched  by  W,  after  P  has 

upper  one,  can  never  be  guite  equal  to  been  again  insulated.    By  this  contact, 

that  of  the  fluid  with  which  the  upper  N  is  again  reslored  to  the  neutral  state, 

one  is  itself  charged,  and  the  difference  a  &esh  portion  of  fluid  in  P  is  released 

will  be  greater  in  proportion  to  tlie  dis-  from  the  attraction  of  N,  and  P  is  again 

tance  of  the  plates.     When  th^  are  active.     By  repeating  these  alternate 

vuyclosetoeachother,  these  twoquan-  contacts  a  sufficient  numtter  of  times, 

titles  approach  very  near  to  an  equality ;  we  gradually  deprive  the  plates  of  their 

and  this  circiunstance  it  was  that  mis-  whwe  charge  ot  electricity ;  alternately 

led  Franklin  into  the  beUef  that  they  imparting  small  portions  to  the  negative 

were  actually  equal.  plate,  and  taking  away  the  like  portions 

(llfi.)    The  capacity  for   accumula-  from  the  positive    one,   until  tbey  are 

ling  electricity  corresponding  to  a  given  troth  brought  to  their  natural  unelectri- 

intensity  in  the  upper  plate  depends  fied  state.  The  quantities  of  fluid  which 

upon  the  distance  between  the  plates,  are  thus  successively  added  and  ab. 

provided   alnaya   that  the  intervening  stracted  were  found,  by  the  calculations 

electric  opposes  a  sufficient  obstacle  tu  of  Laplace,  to  be  in  geometrical  pro- 

the    direct  transfer  of  the  electricity  gression. 

from  Ihe  one  to  the  other;  and  is  in  (117.)    The  most  convenient  mode  of 

some    inverse  ratio  to  that   distance,  obtaining    the  accumulated  electricity 

Tlie  lower  plate,  N,  which  communl-  arising  from  induction  is  by  the  employ- 

cates  with   the  ground   by  the  wire  W,  ment  ofcooitrfgAMf*,  that  is.of  aplateof 

although  strongly  negative,  is  rendered,  glass,  on  each  side  of  which  is  pasted  & 

by  the  vicinity  of  the  fluid  in  the  upper  sheet  or  coating  of  tin-foil.    Care  must 

plate  P,  neutral  wiih  respect  to  fluid  in  be  taken  to  leave  a  sufficient  margin  of 

the  wire  W  :  that  is,  the  attraction  of  glass  uncovered  by  the  metal,  for  pre- 

ita  unsatiu-ated  matter,  although  nearer,  venting  the  transfer  of  electricity  from 

is  exactly  balanced   by  the  repulsion  of  tlie  one  coating  to  the  other  round  the 

the  redundant  fluid  in  ttie  upper  plate,  edge  of  the  i^lass ;  and  all  sharp  an^es, 

which,  although  really  stronger,  is,  from  or  ragged  edi^s  in  the  coalings,  should 

the   greater   instance  at  which  it  acta,  be  avoided,  nstliey  have  a  great  tendency 

oiUy  equal  to  the  former.    With  refer-  to  dissipate  tlie  charge 
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(118.)  The  fotlowlnfc  experiment  of  balls  striking  Hie  coatings  Edtemately. 
Professor  Rittimaii,  (the  philosoplier  and  thus  restoring  the  equilibrium  l)y 
who  fell  a  sacrifioe  to  his  zeal  for  elec-  steps ;  each  contact  being  attended  by 
trical  science  by  a  stroke  of  lightning     a  spark. 

from  his  apparatus,)  is  very  instructive.  (119.)  If,  instead  of  this  gradual 
Let  a  pane  of  glass  placed  vertically,  discharge,  a  direct  communication  is 
and  seen  edgewise  in  fi^.  29,  be  coated  made  between  the  two  coatings  by  a 
on  both  sides,  and  fumistied  with  two  metallic  wire  extending  from  the  one  to 
the  other,  the  whole  of  tlie  electric  fluid 
Fig.  29.  which  was  accumulated  in  the  positive 

coalingruaheswilh  a  sudden  and  violent 
impetus  along  the  conductor,  and  passes 
into  the  negative  coating,  thus  at  once 
restoring  an  almost  complete  equili- 
brium, and  rendering  everv  part  veiy 
nearly,  though  not  absolutay,  neutral  ; 
for  as  there  must  always  be  some  slight 
difference  in  the  quantity  of  electrical 
charge  in  the  two  coatings,  where  one 
oflhera  is  in  communication  with  the 
ground,  tliere  must  always  be  a  certain 
excess,  however  minute,  of  electricity, 
small  electroscopes,  p,  n,  consisting  of  ailer  the  balance  has  been  struck. 
two  pith- ball n,  one  attached  to  each  of  (120.)Tliis  sudden  transfer  of  a  largo 
the  coatings.  Let  the  coating  P  be  quantity  of  accumulated  electricity  is  a 
char^  positively,  while  the  coating  N  real  explosion ;  it  gives  rise  to  a  vivid 
is  madeto  communicate  with  the  ground,  flash  of  light,  corresponding  in  intensity 
The  electroscope  p  will  stand  out  from  to  tlie  magnitude  of  the  <3iarffe.  The 
the  plate,  and  n  will  hang  down  close  effect  of  its  transmission  is  mudi  greater 
to  its  coating,  as  long  as  N  communi-  than  that  of  the  simple  charge  of  the 
catcs  with  the  ground.  But  in  proper-  prime  conductor  of  the  machine;  for 
tion  as  P  loses  electricity  by  cmdual  while  the  latter  gives  a  spark  only,  the 
dissipation  in  the  air,  the  hall  p  will  formerimpiuls  what  is  called  une/ec/^ic 
gradually,  but  very  slowly  descend.  If  tkock,  and  the  sensation  it  produces 
we  now  msiJale  N,  p  will  fall  down  at  when  passing  through  any  part  of  the 
first  very  speedily,  and  then  more  body  19  of  a  peculiar  kind.  We  shall 
slowly,  tin  it  reaches  q,  about  half  its  describe  their  effects  in  a  future  chap- 
firstelevation.  Ttieballnwillatthe  same  ter;  at  present  we  must  confine  our 
time  rise  to  nearly  tlie  same  height ;  attention  to  the  purely  electrical  condi- 
the  angle  between  Uie  two  electroscopes  tions  of  the  phenomenon, 
continubg  nearly  the  same  as  at  first.  (121.)  The  presence  of  the  coating  is 
When  n  has  ceased  to  rise,  \>aVa  balls  not  absolutely  essential  to  the  charge 
will  very  slowly  descend,  tiU  the  charge  and  discharge  for  the  two  surfaces  of  the 
is  lost  by  dissipation.  If  we  touch  N  glass  plate ;  for  if  the  gkss  be  fur- 
during  this  descent,  n  will  immediately  nished  with  moveable  coatings,  and 
fall  down,  and  p  will  as  suddenly  rise  chaiged  in  the  usual  manner,  upon  re- 
netirly  as  much ;  tlie  angle  between  moving  the  coatings  (taking  care  that 
the  electroscopes  continuing  nearly  the  they  be  touched  oidy  by  electrics,)  the 
■ante.  Remove  the  finger  from  N.  and  greater  part  of  the  electridty  will  be 
p  Will  fait,  and  n  rise,  to  nearly  their  found  to  have  attached  itself  to  the  sur- 
former  places ;  and  the  slow  descent  of  faces  of  the  glass  plate,  where  they  are 
both  will  again  recommence.  The  same  retained  \>y  their  mutual  mductive  in- 
thing  will  happen  if  we  touch  P,  p  will  fiuence.  In  this  state  the  charged  plate 
fall  down  close  to  the  plate,  and  n  will  of  glass  may  be  gradually  discharged 
rise  to  >n, and  so  on;  and  tliis  alternate  by  making  a  communication  between 
touching  of  the  coatings  may  be  repeated  its  several  parts  in  succession.  It  can- 
some  hundreds  of  times  t>efore  the  not  be  discharged  at  once,  for  want  of  a 
plate  is  entirelv  discharged.  If  we  sus-  common  intermedium  for  the  simulta- 
peiidacrookeQwire,beQt,asshewnatW,  neous  transference  of  the  electricity  of 
ijig.29,)  having  two  pith-balls,  fi'om  an  the  different  parts  of  the  surface.  But 
insulated  point,  r,  above  the  plates,  it  if  this  be  supplied  by  replacing  the 
will   vibrate  with  great  rqiidit;,  the    former  coatings,  or  adding  new  ones 
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the  complete  discharge  may  be  efltected  grasped  the  outside  of  the  jar:  arodof 

u  before.  metw  was  employed  to  commimicate 

(ia'2.)'By  peculiar  managemertt  a  the  charge  from  the  prime  conductor  of 
char^  mayue  given  to  a  jilale  of  glass  the  machine  to  Mie  inner  coa^ng.  On 
independently  ot  any  coaling  wlialever,  making  a  communication  between  the 
For  this  purpose,  it  must  be  held  by  eiterior  and  interior  coatings,  by  means 
one  comer,  and  passed  before  a  ball,  of  ft  circuit  of  conducting  substances, 
connected  with  the  prime  conductor  of  the  discharge  took  place,  and  the  shock 
i  machine,  so  that  it  may  successively  made  to  pass  through  the  circuit  thus 
come  in  contact  with  every  pari  of  the  formed.  Tliis  inslrument  havmg  been 
middle  of  the  plate  of  glass,  while  the  made  known  principally  through  th^ 
finger,  or  any  conducting  body  commu-  experimenU  of  Kleist,  Cuneua,  aiA 
nicaUne  with  the  ground,  is  held  oppo-  Muschenbroeck,  at  Leyden,  the  name 
■ile  to  it  on  the  oilier  siile.  Tlius  the  of  the  Leyden  phial,  or  jar,  was  gene- 
glass  will  be  chai^,  and  will  be  in  the  rally  applied  to  it.  It  is  at  present  con- 
same  state  is  Ihe  class  from  which  the  structed  aa  shewn  in  J!,?.  30,  by  apply- 
coalings  had  been  removed. 

(123.)  We  oflen  find,  a  short  time  i^.  30. 
Bflw  tlie  discharge  of  coated  glass,  that 
it  has  acquired  spontaneously  a  small 
charge,  producing  a  faint  spark  when  a 
second  communication  is  made  between 
the  coatings  by  the  discharging  wire. 
This,  which  is  called  the  retidual  ciiarge, 
arises  from  two  causes  :  first,  a  portion 
of  the  electricity  adheres  to  the  un- 
GOated  surface  of  the  riass:  and  se- 
condly, another  part  has  penetrated 
from  the  coating  for  some  little  depth 
below  its  surface.  Both  these  portion i 
slowly  return  to  the  coatings  after  Ihey 

have  been  deprived  of  their  original  in g  coatings  of  tin-foil  on  both  sides  of 
charge,  and  give  it  a  A-esh  charge,  the  jar  or  bottle,  leaving  a  sufiicient 
When  a  very  large  extent  of  coated  space  uncovered  at  Kb  upper  part  to 
^ass  is  employed,  this  residual  charge  secure  it  from  the  risk  of  a  spontaneous 
may  even  amount  to  a  considerable  discharge,  which  might  take  place  if 
quantity,  and  the  experimenter  should  the  coalings  were  not  separated  by  a 
be  cautious  not  to  expose  himself  to  sufficient  interval.  A  metallic  rod,  rising 
the  shock  which  he  might  thus  receive,  two  or  three  inches  above  the  jar,  and 
if  he  inadvertenlly  touched  the  appa-  terminating  at  the  top  in  a  brass  ball, 
rattis  before  he  had  properly  discharged  which  is  ORcn  called  the  knob  of  tlic  jar, 
it.  Tlmt  charges  ore  capable  of  pene-  is  made  to  descend  through  the  cover, 
trating  even  through  the  entire  tnick-  till  it  touches  the  interior  coating.  It 
ness  of  the  glass  is  proved  \)y  the  ii  through  this  rod  that  the  charge  of 
curious  fact,  ill  at  a  coaled,  cylindrical  electricity  is  conveyed  to  the  inner  coat- 
jar  may  be  dischai^ed  merely  by  keep-  ing,  while  the  outer  coating  is  made  to 
mg  up  for  a  sufficient  time  a  continu-  communicate  with  the  ground.  We 
ance  of  the  minute  vibrations  excited  have  already  seen,  that  if  this  last  con- 
by  rubbing  it  with  the  finger,  or  by  dition  be  not  observed,  the  inner  coating 
making  it  nng.  A  discharge  may  also  can  receive  no  charge,  and  only  a  feeble 
be  effected  by  heating  the  glass,  which  suaik  will  pass  from  the  conluctor  to 
renders  it  a  conductor  of  electricity.  the  knob. 

(124.)  The  most  convenient  form  for  (125.)  The  outer  coating  may  be 
coated  glass  for  experimental  purposes,  made  to  communicate  with  the  ground 
is  that  of  a  cylinder  or  jar.  In  the  ear-  by  holding  it  in  the  hand ;  and  on  pre- 
Ler  periods  of  electrical  research,  jars  senting  the  knob  of  the  jar  to  the  prime 
were  filled  with  water,  mercury,  or  iron  conductor  when  the  machine  is  in  mo- 
filings,  which  furnished  the  interior  tion,  a  succession  of  sparks  will  pass 
coaung,  while  the  exterior  coaling  was  between  them,  while  at  the  same  lime 
supplied  either  by  water,  in  which  the  nearly  an  equal  quantity  of  electricity 
jar  was  immeranl,  or  by  the  hand  of  will  be  paasmg  out  from  the  exterior 
ttw   operator,  who  for  that  puipose  co&tiiig,{hrou^tb«  boc^  of  the  parson 
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who  hoHait,  to  the  ground.  If,  instead  forming  a  commuTiication  between  the 
of  this,  the  jar  be  placed  on  an  insulat-  outer  coatini?  and  the  prime  conductor, 
ing  stand,  and  a.  ball  of  metal,  or  the  while  the  knob  is  made  to  communicate 
knuckle  of  the  finger,  be  held  near  the  with  the  ground.  The  only  difference 
outside  of  the  jar,  we  have  evidence  of  13,  that  the  outer  coating  would  then 
the  escape  of  the  electricity  from  the  be  active  and  the  inner  one  neutral ; 
latter  by  a  succession  of  sparks  simul-  but  these  conditiona  vfould  a^n  be 
taneous  with  those  that  occur  between  reversed  as  soon  as  the  knob  was  dis- 
the  prime  conductor  and  the  knob  of  connected  with  the  ground,  and  the 
the  jar,  outer  coating  touched  with  the  hand. 

(126.)    If,   instead    of  touching   the         <128.)  If  two  jars,  the  one  charged 

outer  coating  of  a  jar  supported  on  an     positively,    the    other    negatively,    be 

insulating  stand,  we  bring  into  contact    placed    on    two    separate    insmating 

with  it  the  knob  of  a  second  jar,  of    stands,  and  their  knobs  then  connected 

which  the  outer  coating  communicates     by  aeonductor,  which  is  itself  insulated, 

with  the  ground,  ns  shewn  in  fig.  31,    no  explosion  will  take  place,  althourfi 

the  two  coatings,  which  are  IhusbrougDt 

Fig.  31,  into  communication,   are  in  opposite 

electrical  states.    But  if  the  two  outer 

coalings  be  at  the  same  time  connected, 

an  explosion  will  take  place,  and  both 

jars  will  Ik  dischai^^. 

<129.)  Since  the  susceptibility  of  re- 
caving  a   chatge    depends   upon  the 
proximity  of  the  metallic  surfaces,  while 
the  passage  of  the  electricity  from  the 
one  to  the  other  is  interrupted  by  the 
interposition  of  a  non-conducting  sub- 
ttance,  it  is  evident  that,  in  the  con- 
struction  of  the  Leyden^ar,  the  thick- 
ness of  the  glass  is  an  important  con- 
sideration.   The  thinner  the  glass,  tha 
greater  will  be  the   power  of  taking  a. 
the  electridty  wWch  is  expelled  from    charge;  but  the  power  of  retaining  tha 
the  outer  coating  of  the  first  jar  passes     charge  will  be  less,  on  account  of  the 
into  the  inner  coating  of  the  second  jar,     diminished  resistance  which  the   glass 
and  thus  both  jars  are  charged.     Thus     will  afford  to  the  passage  of  (he  elec- 
may  charges  be  given  to  a  succession     tricily   through   it.      If  the   charge  be 
of  jars,   so   placed   as  that  the   inner    higher  than  what  the  jar  will  bear,  the 
coaling  of  each  shall  communicate  with    glass  will  be  broken  by  theviulence  with 
the  outer  coating  of  the  one  that  pre-     which  the  electricity  forces  a  passage 
cedes  it  in  the  series ;  taking  care  that    through  its  substance.     Mu.^ovy  talc, 
the  outer  coating  of  the  last  jar  com-     even  in  very  thin  laminffi,  resists  much 
municates  with  the  ground.     AU  the    better  than  glass,  and  is,  therefore,  ca- 
jars  will  be  found  to  be  charged  in  a    pable   of  receiving  and  of  retaining  a 
similar  manner.    It  is  evideni,  however,    much   higher   charge.      Anojher   limit 
that  the  charge  must  diminish  in   in-    to  the  charge  which  ajar,  is  capable  of 
tensity  as  it  is  conveyed  from  each  jar     retaining,  arises  from  the  liability  of  the 
to   the  next,  because   the   quantity  of    electricity  to  pass  from  one  coating  to 
electricity  which  is  expelled  from  the    the  other,  round  the  edges  of  the  glass, 
exterior  is   never  quite   equal  to  tliat        (130.)  These  spontaneous  discharges, 
nliich  passes  into  the  interior.  as  they  are  called,  are  facilitated  by  the 

(Iii7.)  For  the  sake  of  greater  dis-  deposition  of  moisture  on  tlie  glass, 
tinctnesswe  have  all  along  supposed  the  forming  a  chain  of  conducting  particles 
interior  of  the  jar  to  be  charged  with  in  the  very  line  which  the  electricity 
positive  electricity,  but  Ihe  very  sitme  has  a  strong  tendency  to  fake.  Hence, 
effect  would  take  place  if  the  knob  of  it  is  a  requisite  precaution  lo  keej)  Ihe 
the  jar  were  chareed  negatively  by  com-  apparatus  in  as  dry  a  state  as  possible ; 
municalion  with  tJie  negative  conductor,  and  the  deposition  of  moisture  may  be 
A  similar  change  in  the  electrical  state  guarded  against  moat  effectually  by 
of  the  coatings  would  result  from  placing  covering  the  uncoated  part  of  the  glass 
tbe  jar  on  Ml  iusulabng  stand,  aud  then    with  a  layer  of  sealine-wax,  or  othex 
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resinous  varnish.  The  liquid  should  be  of  tin-foil  and  hard  Tarniah  form  also  a 
applied  with  a  flat,  camel-hBir  pencil,  very  compendious  battery.  It  admits 
the  glass  being  previously  wanned.  of  a  surprising  accumulation,  without 
On  the  other  hand,  it  ia  a  curious  shewing  any  vivid  electricitjj  ;  but  it 
circumstance,  that  there  is  a  degree  of  must  be  used  with  more  caution,  lest  it 
humidity  in  the  inside  of  the  jar,  not  should  be  spoiled  by  a  spontaneous  dis- 
only  compatible  with  a  high  charge,  but  charg<e,  in  which  case  we  cannot  disco- 
which  even  contributes  to  retain  it.  ver  where  the  flaw  has  happened,  and 
This  effect  was  accidentally  observed  the  whole  is  rendered  useless, 
by  Mr.  Brooke,  and  afterwards  by  Mr.  (132.)  By  comljiniiig  together  a  suffi- 
Cuthbertson,  who  states  that  a  jar  will  cient  number  of  jars  we  are  aUe  to 
take  a  much  greater  charge,  namely,  accumulate  an  enormous  quantity  of 
one-third  more,  if  its  inside  be  consider-  electricity :  for  this  purpose  all  the  in- 
ably  damped  bv  blowing  into  it  with  the  lerior  coalings  of  tlu  jars  must  be  made 
mouth  through  a  tube  reaching  to  the  to  communicate  by  metallic  rods,  and  a 
bottom.  The  explanation  of  mis  re-  similar  union  must  t>e  established  among 
markable  fact  haa  been  given  by  Pro-  the  exterior  coatings.  When  thus  ar- 
fessor  Robison  on  the  principles  for-  ranged,  the  whole  series  may  be  chei^- 
merly  explained,  namely,  that  there  is  ed,  as  if  they  formed  but  one  jar;  and 
no  electric  intensity  so  great,  but  that  it  the  whole  of  the  accumulated  electricity 
may  be  insulated  by  the  least  imperfect  may  be  transferred  ftom  one  system  of 
conductor,  provided  the  latter  be  long  coftUngstotheother,by  a  general  and  si- 
enough,  and  so  constituted  as  that  the  multaneous  discharge.  Suchacombina- 
intenai'y  of  the  electricity  it  contains  tionofjarsiscalledanHeciritWBaifery, 
shall  diminish  by  sufficiently  gentle  gra-  (133.)  It  is  evident,  that  an  apparatus 
dations.  An  uniform  dampness,  in-  ofthiskind.consistingof apjeatnumber 
deed,  will  not  do  this ;  but  itwilldimi-  of  parls.mustbemore  liable  todenuige- 
nish  the  abruptness  of  the  variations  of  ment  than  a  single  jar :  for  if  any  one 
intensiiy,  and  thus  pve  security  against  of  the  jars  should  happen  to  break  by  a 
a  spontaneous  discharffe.  A  similar  spontaneous  explosion,  the  whole  battery 
protection  against  the  l>reaiiing  of  the  would  be  rendered  useless,  until    the 


^  d  by  placing  a  layer  of  broken  jar  be  removed.     It  is  prudent, 

pMerbetween  theglassandthetin-foil,  therefore,  to  secure   the    adjacent  jars 

and  making  it  extend  alao  an  inch  be-  from  actual  contact,  t:iy  fixing  them  in  a 

yond  the  coating.  box  having  tfiin  partitions  ;  the  coated 

{131.)  Glass  Dalloons  of  a  spherical  bottoms  of  the  jars  resting  on  atrellis 

shape,  being  of  more  uniform  thickness  of  wire,  or  on  a  sheet  of  tin-foil,  which 

than  jars,  would  be  much  preferable  for  may  establish  a  genera]  communication 

the  construction  of  an  apparatus  of  this  between  them ;  while  the  rods  from  the 

kind,  were  it  possible  to  apply  an  uni-  interior  coatings  are  connected  above  by 

form  coating  to  the  inside.     Professor  cross  wires,  having   balls  at  their  ex- 

Robison  recommends  the  fbUowing  con-  tremities   in  order   to  oliviate  the  dis- 

struction  for  a  portable  jar.  which  he  sipation  of  the  electricity.    On  the  other 

found  to  answer  exceedingly  well.     A  hand,  by  limiting  the  communications  to 

long-necked  phial  was  maJe   of  sheet  a  certain  number  of  jars,  we  have  it  in 

tin,  and  then  coated  entirely  on  the  out-  our  power  to  charge  only  a  part  of  the 

side  with  fine  sealiiKt-wax,  one  thirtieth  battery,  without  employing  the  whole, 
of  an  inch  thick.     Tne  sealing-wax  was 

then  coated  with  tin-foil,  all  but  the  Chaptbb  IX. 
neck.  It  is  evident,  that  (he  wax  here  Management  qf  Electrical  Jan  and 
acts  the  part  of  the  glass  in  thecommon  Batleriet. 
■ju.  the  tin  plate  corresponding  to  the  (134.J  Fq^  the  purpose  of  making  the 
mner  coating  and  wire,  and  the  tm-foil  ^^^^  communication  between  the  mner 
to  the  outer  coating.  The  dissipation  ^nd  outer  coating  of  ajar  or  battery,  by 
IS  almost  nothing  if  the  neck  be  very  ^.ych  a  discharge  ia  effected,  the  in- 
small  ;  and  it  only  requires  a  ''"le.cau-  gtrument  shown  m/g.  3i.  and  which  is 


tion  to  avoid  bursting  by  too  high 
charge.  Even  this  may  t>e  prevented 
by  coating  ttie  sealing-wax  so  near  to 
the  end  of  the  neck,  that  a  spiontaneous 
discharge  must  happen  before  the  accu- 
mulation is  too  great.    Alternate  layen 


Fig.  32. 
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culled  the  Duehargmg  Rod  or  Jointed  gists  of  n  woodtn  stand  with  ft  socket 
DUrhargfT,  may  be  conveniently  em-  fixed  in  its  rcnlre,  to  which  mny  Y» 
ployed.  It  consuli  of  two  bent  metsllio  oci'itxiaiially  ndnjilcd  a  smail  tH.bIc  T, 
rods,  terminated  at  one  end  liy  brtM  hnvin);  a  piece  ofivory  (which  is  a  non-  ' 
balls,  and  connected  at  the  other  by  a  conductor)  inlaid  on  its  surface.  Thit 
joint,  which  is  flxudlothecnd  of  a  ([lass  lahje  may  be  raised  and  kept  at  the 
linndlc,  ami  which,  acting  like  a  pair  of  proper  htight  by  meatis  of  n  screw  S. 
GOinpnssFs,  allows  of  the  hnlli  \vi\ng  Two  glnss  pillars  P,  P  are  cemented 
Bi'panilvd  at  difiVrent  dislancen.  When  into  the  wowlcn  stand.  On  the  top  of 
oiK-nwl  to  the  proper  deerte,  one  of  the  each  of  these  pillars  is  fitted  a  brass 
ti:ilU  is  made  to  touch  Ihu  exterior  cap,  having  a  ring  H  attached  to  it,  and 
coalinL',  and  thoolhwball  wlhenquickly  containing  ajoint,  moving  both  verii- 
I  roiitrht  into  contact  with  tite  knob  of  cally  and  homonlally,  and  oanrin^  ou 
thejar,  as  repmented  in/;.  33,  or  with  its  upper  part  a  spring  tube,  admitting 
j^,  33.  a  brass  rwi  to  slide  through  it.    Each 

uf  tlieae  rods  is  terminated,  at  one  end, 
either  by  a  ball,  a  point,  or  a  pair  of 
fureepi,  and  is  (iirmshed  at  the  other 
extremity  with  a  handle  of  solid  glass. 
The  body  through  which  the  chai'ge  ia 
intended  to  be  sent,  is  placed  on  the 
table,  and  the  sliding  rods,  which  an 
moveable  in  every  direction,  are  then,  by 
means  of  their  insulating  handles, 
brought  in  cohtact  with  Uie  opposite 
sides,  and  one  of  the  brass  caps  Imng 
.  >     .       .        Sr*t  connected  with  llie  ouUide  of  the 

any  pail  of  the  s]'stem  of  the  intenor  jm- or  battery,  the  other  may  be  brought 
toatings.andthusadischargeisefrectedj  \y^  communication  with  the  inner  coat- 
while  the  class  handle  secures  Ihe  person  ;„„_  )^  means  of  the  discharging  rod 
holding  it  from  tlie  effects  of  the  shock,  ,bove  ttescribed.  For  some  experiments 
(138.)  If  we  wish  to  send  the  whole  ^  ;,  more  convenient  to  fix  the  sub- 
chnrgt'  of  electricity  through  any  par-  gtance,  on  which  the  experiment  is  to 
tipulnr  substance  which  may  be  the  ■^^  made,  in  a  mahogany  fi-ame,  con- 
siihjitt  of  experiment,  fi9  must  so  ar-  ,},()„»  of  two  boards,  which  can  be 
range  the  connecting  conductors,  as  pressed  together  by  screws,  and  which 
that  the  substance  shall  form  a  neces-  „,_  ,i,gn  ^  substituted  for  the  table 
sarj^part  of  thodrcui'iii^Wf  rfwfn'eiiy,  •]•_  !„  eitherot  these  ways  the  charge 
as  it  is  termed.  With  this  view,  we  cnn  be  directed  through  any  part  of  the 
muit  place  illx'twecn  two  good  con-  jubslanee  with  the  greatest  accuracy, 
ductora,  one  of  which  is  in  communica-  (i3T.)  Tl«  quantities  of  electricity 
tiiin  with  the  outer  coaling ;  and  the  „hich  can  Ije  accumulated  in  any  given 
cireuit  may  then  be  completed  by  con-  g^dent  of  coaled  glass,  are  in  the  mverse 
nwting  the  oiher  conductor  with  the  proportion  to  the  thickness  of  the  glass, 
irmer  coaling  by  means  of  a  discharging  bitieient  jars  or  batteries,  therefore. 
hkI,  to  one  branch  of  which,  if  neces-  ^u^  according  to  the  thinness  of  their 
sarj-,  a  flexible  chain  may  be  added.  uA^,  and  the  quanlily  of  coated  surface 

(136.)  In  order  to  direct  the  chai^  jjj^  contain,  have  different  capacitiei 
with  mote  certainty  and  precision,  an  ^j  folding  charges  of  electricity.  But 
aii|)amtiis,  callnl  the  Unirirrtal  Dit-  ;,,  „y  JVen  instrument  of  ihis  kind. 
cAitrffiT,  was  conlrived  by  Mr.  Henley,  jj,,  quantity  of  the  charge  communicated 
and  in  represented  in  Jig.  34.  It  coo-  ^^  jtby  a  machiua  may  be  measured  by 
Fig.  34.  ihe  intensity   of  the   electricity   in  the 

prime  conductor,  which  cotomumcales 
with  the  interior  coating.  Some  esti- 
mate of  the  intensity  may  be  oblamed 
by  Ihe  employment  of  Henley's  quadrant 
dectrometer  already  described,  (J  78.) 
the  index  of  which  rises  very  dowly 
while  the  battery  is  charging,  till  A 
reaches  a  certain  elevaUon,  correspond- 
ing to  the  capacity  of  the  battery.    M 
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Ihe  elecWcify  be  accumulated  beyond 
tliis  limit,  n  spontaneous  disclmrec  takes 
place,  and  the  process  must  then  ho  re- 
newed in  order  to  obtain  a  fiill  charge. 
If  is  more  prudent,  however,  fo  stop 
before  tliis  degree  of  accumulation  is 
attained;  and  one  great  adv»ntaKe  of 
Henley's  electrometer  is,  that  it  shows 
us  the  progress  of  the  charge,  and  how 
far  ive  may  proceed  with  safety. 

(138.)  But  the  most  effectut^  security 
asainst  fracture  from  a  spontiuieous 
discharge,  is  to  form  an  interrupted 
circiiif,  of  which  the  parts,  where  the 
interruption  occurs,  terminate  by  me- 
tallic balls,  placed  at  a  certain  distance 
from  each  other.  By  varying  (lie  in- 
tei-val  lietween  them,  we  may  regulate 
the  quantity  of  electricity  which  we 
shall  allow  to  accumulate  in  the  battery ; 
for  the  moment  it  exceeds  the  quantity 
of  which  that  interval  is  the  ttriMing 
distance  (j  87,)  an  explosion  happens, 
by  tlie  electricity  forcing  its  waythrouith 
tneairfromoneball  to  the  other.  If  the 
balls  be  brought  very  near  each  other, 
a  discharge  will  take  place  with  a  com- 
paratively small  accumulation :  when 
farther  separated,  a  greater  charge  will 
be  retained,  because  a  higher  intensity 
of  electricity  is  requii-ed  in  order  to  pass 
through  the  larger  intervening  space. 
■"■  ■-  ~n  this  principle  that  the  '-' — 


a  brass  ball,  B,_fig.  35,  placed  at  Ihe  end 
Fig.  3S. 


qutred;  the  other  end  of  Ihemoreahle 

rod  must  be  connected,  by  means  of  a 
cliain  or  wire,  witli  the  outer  coating. 

The  chief  use  of  this  instrument  is  to 
allniv  a  jar  to  discharge  itself  sponta- 
neously through  any  previously  arranged 
circuit,  without  employing  a  discharging 
rod,  or  moving  any  part  of  Ihe  apparatus; 
and  also  to  produce  successive  explo- 
sions nearly  of  the  same  strength.  The 
magnitude  of  the  charge  is  measured  by 
the  distance  at  whicn  the  balls  are 
placed  ;  and  the  power  of  the  machine 
may  he  estimated  by  the  number  of 
explosions,  which,  at  any  given  dis- 
tance, take  place  in  equal  times.  In 
Mr.  Lane's  experiment  uie  shocks  were 
twice  as  frequent  when  the  interval  be- 
tween the  balls  was  l-24th  of  an 
inch,  as  when  twice  as  much ;  hence  he 
concluded  tliat  the  quantity  of  electri- 
city required  for  a  discharge  is  in  exact 
proportion  to  the  distance  lietween  the 
surfaces  of  the  balls.  But  the  indica- 
tions of  this  instrument  are  in  reality 
subject  to  great  fallacy,  on  account  of 
the  variable  state  of  the  atmosphere, 
which  affects  its  conducting  power; 
the  quantity  of  dust  which,  even  during 
Ihe  course  of  an  experiment,  is  liable 
to  be  attracted,  and  (o  collect  upon  the 
balls ;  and  also  froir.  the  roughening 
and  tarnishing  of  the  metaUic  sm-Taces 
produced  by  trecjuent  electric  explo- 
sions. This  last  imperfection  is  one  to 
which  brass  balls  are  particular^  ex- 
posed ;  and  might,  if  it  were  worth 
vhilc,  be  remedied  by  having  the  balls 
made  of  fine  alver. 

(139.)  Another  contrivance  for  re- 
gulating the  amount  of  the  charge 
which  we  may  wisli  to  send  through  any 
subslance,  is  that  invented  by  Culh- 
bertson,  and  termed  the  Balance  Elee- 
iTometer.  It  consists  of  a  metallic  rod, 
11,  Jig.  36,  terminated  by  two  equal 
balls  A,  B,  and  balanced,  like  a  scale- 
Fig.  36. 


of  a  short  metallic  rod  R,  which  moves 
through  A  tubular  piece,  supported  by 

a  benf.  glass  stand  S.  Tins  stand  is 
made  so  as  lo  be  capable  of  being  fixed, 
by  its  other  extremity,  to  the  rod  pass- 
ing np  from  the  interior  coating,  and 
Bijjusted  so  that  the  ball  B  is  immedi- 
ately opposite  to  the  knob  of  the  jar, 
and  may  be  brought  to  the  exact  ttrik- 
tng  dittance  from  it  which  may  be  re-. 
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beam,  upon  knife-edged  eenires.    One  jar  by  meaai  of  it,  the  wnole  of  tm 

of  the  arms  of  this  beam  is  grailuated,  fluid  will  pass  though  the  wire,  without 
and  carries  a  slider,  which,  when  set  affecting  him  :  but  if  a  piece  of  dry 
at  different  distances  frnm  tlie  centre  of  wood  be  substituted  for  the  wire,  he 
motion,  acta  on  the  lever  wiih  a  pro-  wili  fed  a  shock  ;  for  the  wood,  btlng 
porlionate  weight  from  one  grain  to  a  worse  conductor  than  his  own  body, 
sixty.  The  ball  A,  at  the  extremity  of  the  charge  will  pass  Ihrnuuh  the  latter, 
this  loaded  ami,  rests  on  a  similar  tiall  as  being  the  easiest,  although  the 
D,  below  it,  which  is  supported  by  a  longest  circuit.  During  it's  transit 
bent  metallic  tube  T,  proceeding  from  through  the  human  Ixxly,  in  like  man- 
the  same  stand  as  that  which  supports  ner,  the  shock  is  felt  oiuy  in  the  parts 
the  rods  ;  the  whole  being  insulated  by  situated  in  the  direct  line  of  communi- 
a  glass  pillar  F.  At  a  little  distance  cation;  and  if  the  charge  be  made  to 
below  the  ball  B,  at  the  other  extre-  pass  through  a.  number  of  persons  who 
mity  of  the  beam,  another  hall  C,  insu-  take  one  another  by  the  hand,  and  form 
lated  by  the  glass  uillar  Q,  is  placed ;  part  of  the  circuit  between  tiie  inner 
this  last  ball  is  to  be  connected  by  a  and  outer  coatings  of  the  jar,  each  will 
chain  with  the  outer  coatings  of  the  feel  the  electric  shock  in  the  same 
battery,  while  the  metallic  support  of  manner  and  at  the  same  instant ;  the 
the  balance  is  connected  with  the  inner  sensation  reaching  from  hand  to  hand, 
coatings.  When  a  charge  is  commu-  directly  across  the  lireast.  By  varying; 
□icated  to  the  battery,  the  two  balls  A  the  points  of  contact,  however,  the 
and  U,  which  are  in  contact,  become  shock  may  be  made  to  pass  in  other 
repulsive  of  each  otlierj  and  when  the  directions,  and  may  either  be  confined 
force  of  this  repulsion  is  sufficient  to  (o  a  small  part  of  a  limb,  or  be  mad« 
raise  the  weight  on  the  loaded  arm  of  to  traverse  the  whole  length  of  the 
the  beam,  the  other  arm  will  be  forced  body  from  head  to  foot. 
down,  and  the  ball  B  coming  in  con-  (U1.)  By  accurate  experiments  it  ap- 
tact  with  the  liall  C,  the  circuit  will  be  pears  that  the  force  of  the  electric  shock 
completed  and  a  discbarge  take  place,  is  weakened,  that  is,  its  effects  are  di- 
As  Uie  force  of  the  repulsion  depends  minished,  by  employing  a  conductor  of 
upon  the  intensity  of  the  cha»e,  the  great  length  for  makii^  the  discharge, 
weight  it  haa  to  overcome  aHonls  a  But  it  is  difficult  to  assign  a  limit  tq  the 
measure  of  this  intensity,  and  enables  us  number  of  persons  through  which  even 
to  regulate  its  amount  a  small  charge  of  cleclricity  may  be 
The  practical  apphcation  of  accumu-  sent,  so  that  all  shall  experience  the 
laled  electridty  to  various  purposes  of  shock ;  or  to  the  distance  along  which 
experiment,  mvolves  considerations  it  may  be  conveyed  tiy  good  conductors. 
which  relate  to  the  laws  otaser\'ed  by  Atanearly  period  of  electrical  inquiries, 
electricity  in  its  movements,  and  which  much  interest  was  attached  lo  the  de- 
more  properly  belong  to  the  subject  of  termination  of  these  points.  Tlie  Abtis 
the  ensuing  cnapter.  Nollet  passed  an  electrical  shock  from 
a  small  phial  through  a  hundred  aud 
Chapter  X.  eigh^  of  the  French  guardg  in  the  pre- 
.n- .1  u-.-  *  '  >  .  J  ^,  sence  of  the  king ;  and  at  the  Carthusian 
Of  Ihe  MoUon  of  tKCumuiated  EIk-  convent  in  Paris,  the  monks  were  fonped 
'""^-  into  a  line  of  above  a  mile  in  length,  by 
(140.)  In  forming  arrangement*  for  means  of  iron  wires  held  betweeq  litem  i 
directii^  the  passage  of  accumulated  on  the  discharge  of  the  phial,  the  sensa- 
electricity,  it  should  be  borne  in  mind  tion  was  felt  at  llie  same  niomenl  by  all 
that  the  electric  fluid  will,  on  these  oc-  the  [jersons  composing  this  extensive 
casions,  always  pass  through  the  best  circuit.  Many  experiments  were  made 
conductors,  although  fltey  may  be  more  both  by  tlie  English  and  French  elec- 
circuitous,  in  preference  to  those  which  triciana  with  a  view  to  ascertain  the 
are  more  direct,  but  have  inferior  con-  space  which  a  discliarge  can  be  iniids 
ducting  power:  and  it  must  also  be  to  traverse,  and  the  velocity  wiiji  wnich 
recollectnl,  that  when  ditferent  paths  it  is  transmitted.  Of  tli^  tlie  most 
are  open  for  its  passage,  along  con-  ingenious  and  satisfactoiy  were  the  ex- 
ductors  of  equal  power,  the  electricity  periments  plaJined  and  executed  by  Dr. 
will  always  take  that  which  is  the  Watson,  with  the  assistance  of  the  lead- 
(horteit.  Thus  if  a  person,  holding  ing  memtiers  of  the  Royal  Socie^.  A 
a  wire  between  his  hands,  discharges  a  circuit  was  formed  by  a  wjre  wbiuh  ex- 
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tended  the  whole  lengUi  of  Westminster  (143.)  If  we  conceive  the  oonduetir^ 
bridge,  at  &  considerable  height  above  bodies  which  compose  the  circuit  to  be 
the  river ;  one  end  of  this  wife  com-  divided  into  an  mdeflnile  number  of 
tnunicated  with  the  outer  coating  of  a  fihkments,  everv  one  of  which  is  capaUe, 
charged  phial,  the  other  being  hcH  by  a  in  an  equal  clegree.  of  conveying  the 
person  on  the  opposite  side  of  the  river,  electric  ituid,  it  is  evident  that  the  united 
who  formed  a  communication  with  the  power  of  these  filaments,  or  what  is 
water  by  dipping  into  it  an  iron  rod  the  same  thin^,  the  capalnU^  of  the 
held  by  the  other  hand.  The  drcuit  body  itself  to  convey  a  charge  of  elec- 
vras  completed  bv  another  person,  who  tricity,  is  in  proporbon  to  tl^  number 
stood  near  the  pniaU  and  who  likewise    of  these  elementary  filaments  which  it 

thpped  an  iron  rod  into  the  river  with  contains,  that  is,  to  the  magnitude  of  its 

one  hand,  and  was  enabled,  by  means  transverse  section,  without  any  relation 

of  a  wire  held  in  the  other,  to  effect  a  to  its  form.    Thus,  the  same  metallic 

contact  with  the   knob   of  the   phial,  rod  will  conduct  a.  charge  e(^ually  well, 

Whenever  the  discharges  took  place,  the  whether  it  be  flattened,  or  divided  into 

■hocks  were  felt  by  both  persons :  thus  several  smaller  wires,  or  whether  it  con- 

Cving  that  the  electric  fluid  must  have  sist  of  a  ungle  cylinder  of  the  same 

1  in  motion  along  the  whole  hne  of  area. 
the   circuit,  including   both  the   wire        (144.)  If  the  siie  of  the  conductor  be 

ttlwve  and  the  river  lielow.  sufficiently  great,  the  whole  chaire  may 

Inanotherexperiment,madeonShoot-  be  conveyed  without  any  sensible  ol> 

en'-hill,  at  a  time  when  the  ground  '.vas  strucUon   or  retaidation,  and  therefore 

remarkably  dry,  the  electricity  was  made  without  any  tendency  to  deviate  from 

to  perform  a  circuit  of  four  miles ;  bcii^  the  direct  line  of  its  course.    But  it  is 

conducted  for  two   miles   along  wires  otherwise  when   the   conductor  is   too  . 

supported  upon  baked  sticks,  and  for  slender  to  afford  a  reedy  passage  to  llie 

the  remuning  distance,  also  of  two  miles,  fluid  which  is  pressing  onwards :  and  it 

through  the   dry   ground.     As  far  as  is  important  to  inquire  into  Ute  consc- 

could  be  ascertained,  by  the  most  careful  quences  to  which  these  obstructions  may 

observation,  the  time  in  which  the  dis-  give  rise. 

charge  was  transmitted  aloni?  thai  im-         (145.)  The  first  effect  of  an  impedi- 

mense  circuit  was  perfectlj-  instantane-  ment  to  the  free  passage  of  accumulated 

ous :   nor  has  any  other  trial  that  has  electricity  must  be  a  retardation  of  its 

yet  been  made   afi'orded  the  least  kp.  motion.     It  is  reasonable,  therefore,  to 

proach  to  a  measurement  of  Uk  veloci^  expect  that  with  a  circuit  composed 

with  which  electricity  moves.  ather  of  bad  conductors,  or  of  con- 

(I4a.)   On  this  subject,  however,  an  ductor^   of   inctflequate   size,   although 

important  distbction   shodd  be  made  good,  the  discharge  will  not  l>e  effected 

between  the  actual  movement  of  each  so  instantaneously,  nor  so  completely ; 

individual  particle  of  electric  fluid,  and"  and  that  the  shock  which  accorapaiuea  it 

the  transmission  of  an  impulae  along  a  will  be  diminished  in  its  violence.     This 

series  of  such  particles,  for  the  one  may  principle  may  find  its  application  on  oc- 

bear  hardly  any  proportion  to  the  other  r  casiona  wlicie  it  is  desirable  to  soften 

just  as  we  find  that  sound  proceeds  with  the   intensity   of  the  shock,  as   in   the 

a  velocity   mcomparably  greater  than  medical  employment  of  elecbricity.whaie 

that  of  the  particles  of  ^  which  are  imperfect   conductors   are  on   this   *o- 

concemed  in  its  propagation.     In  like  count   sometimes   preferable,  both   for 

mannertheportion  of  blood,  which  raises  taking  sparks  and  sliocks. 
the  artery  at  the  wrist,  where  the  pulse         (146.)  A  second  effect  resulting  from 

is   felt,  is  not  the   identical  portion  of  an  obstruction  to  the  flow  of  electricity, 

fatood  which  is  thrown  out  from  the  heart  is   a  tendency  in  tlie   fluid   to   diveqfo 

by  the  contraction  of  that  organ  pro-  from  the  direct  line  of  its  course,  and  to 

ducing  that  pulsation ;  the'  impulse,  m  fly  off  to  diH'erent  objects  in  the  vicinity, 

ail  these  coses,  being  pcpagated  like  a  TTiis   is   firequently  exemplified   in   the 

wave,  from    one    parhcle  to   another,  case  of  lightning,  which,  on  striking  ■ 

There  is,  therefore,  no  reason  to  sup-  buikling,  is  apt  to  tttke  a  very  irregular 

pose  that  the  same  particles  of  electric  and  seemingly  capricious  route,  darting 

fluid,  which  enter  at  one  part,  have  tra-  towards  conducting  bodies  which  may 

versed  from  one  end  to  the  other  the  happen  to  aHract  it,  although  at  some 

whole  hne   of    conducting    substances  distance  from  tlie  immtdialc  direction  it 

which  form  the  circuit  was  pursuing.    The  position  of  «ueh 
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'  conducting  bodies  would  appear  to  have    tant  from  the  outer  coating  of  the  Jar, 
a  matertu  influence  in  determinint:  the     and  appiv  one  end  of  the  dischannne 

.i_;i.: j;_. i. i,.j  i i    n     i_   iu_   _ii ■ -....    ...''..'? 


striking  distance.  It  was  remarked  by 
Dr.  Pneattey,  that  tlte  explosion  from  a. 
Isxge  battery  extends  to  a  greater  dis- 
tance over  the  surface  of  water  than  if 
air  alone. 

{147.)  An  effect  which  aeeras  to  de- 
pend upon  this  tendency  in  the  fluid  to 
divei^nee  in  consequence  of  obstruc- 
tion, although  it  has  liy  some  been  re- 
ferred to  a  different  principle,  is  that  surfaces,  or  on  sharp  points. 
which  has  been  termed  t/ie  lateral  ex-  It   is   slated   by  Dr.  Priestley,   that 

plotion.  When  a  large  jar  or  battery  the  effect  we  have  been  describing  takes 
IS  discbarged  by  a  metallic  wire  which  ^lace  without  any  apparent  change  m 
IS  held  in  the  hand  without  the  protec-  the  electrical  state  of^  the  conductor  B ; 
fion  of  any  glass  or  other  insulating  and  hence  Cavallo  conceived  that  the 
handle,  it  often  happens  that  a  slight  lateral  spark  was  sent  out  from  the  jar, 
shock  is  felt  in  the  hand  thai  grasps  the  and  returned  to  it  almost  at  the  same 
:,  especially  If  the  charge  of  elee-     instant,  allowing  of  no  perceptible  time 


rod  D,  to  the  other  extremity  of  the 
chain.  As  soon  as  the  other  ball  of  the 
discharging  rod  is  made  to  touch  the 
knob  of  the  .jar,  so  as  to  effect  a  dis- 
charce,  a  brilliant  spark  is  seen  to  ex- 
tend between  the  insulated  rod  R,  and 
the  adjacent  conductors.  This  lateral 
spark  has  the  same  length  and  bhlliEincy 
whether  it  be  received  on  flat  or  amootn 


trici^  t>e  very  considerable.  This  ap- 
parent divergence  or  overflow  of  electno 
fluid,  when  rushing  in  large  quantities 
through  a  narrow  space  baraly  sufficient 
to  contain  it,  may  also  be  rendered 
visible  in  other  ways.  If  one  end  of  a 
chain  be  connected  with  the  outer  coat- 
ing of  a  charged  jar,  while  the  reminder 
of  the  chain  is  tying  loosely  upon  a 
table,  on  discharging;  the  jar  in  a  dbrk- 
ened  room,  hy  a  discharging   rod,  in 

the  usual  way,  it  will  be  found  that  the     expected  tc  

chain,  although  it  makes  no  part  of  the     is  removed.     But  this  explanation  au- 
circuil,   is    rmdered   luminous   by  the     pears  to  be  less  satisfactory  than  the 

" '""'"  ' "ne  which  attributes  the  phenomena  to 

n   expansive  propulsion,   followed  hj 
n  immediate  recession  of  electric  flnid. 


Fig.  37. 


electrometer  to  be  affected.     

Robison,  however,  always  observed, 
on  repeating  the  experiment,  that  a 
verv  delicate  electrometer  was  affected 
under  these  circumstances:  and  the 
same  observation  is  confirmed  by  Biot. 
The  ptienomena  of  the  lateral  ex- 
plosion have  been  attempted  to  l>e 
explained  by  (he  electricity  exerting, 
during  its  passage,  an  inductive  in- 
fluence, of  which  the  effects  may  be 


le  circuit  of  conductors. 


Chapter  XI. 

Effects  of  Electricity  uponBoaiet, 
(148.)      Havincj     considered    the    cir- 
cumstances   attending    the    motion    of 
electricity  with  reference  chiefly  to  the 
a  fluid  itself,  we  next  proceed  to  give  an 

^B^r      account  of  the  efiects  which  it  produces 
^^^^     upon    bodies  by  its  passage    throu^ 

(143.)  Independently  of  electrical  at- 
traction and  repulsion,  it  does  not  appear 
ported  on  an  insulating  stand,  and  that  the  simple  accumulation  of  electncily 
placed  with  one  of  its  ends  in  contact  in  an^  quantity  in  bodies,  as  long  as  it 
with  the  outer  coating  of  a  Leyden  jar;  remains  ouiesceiit,  produces  the  least 
and  at  a  distance  of  half  an  mcb  from  sensible  change  in  their  properties.  A 
its  other  extremity  place  a  long  con-  person  standing  upon  an  insulating  stool 
ducting  body  B,  of  at  least  six  or  seven  may  be  charged  with  any  quantity  of 
feet  in  leneth,  and  only  a  few  inches  in  electricity  fromamachine,  without  being 
breadth.  Let  a  chain  C,  be  now  placed  perceptibly  affected,  until  the  equilibrium 
upon  the  table,  so  thnt  one  of  ils  ends  of  the  fluid  is  disturbed,  by  drawing 
may  be  about  an  inch  and  a  half  dis-     sparks  from  his  body,  or  from  the  prim9 
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COTduetor  nith  Khicb  he  may  be  in  com-  employed  for  nakbifr  tbemiometen,  be 

tnunicalion.  filled  with  mercury,  and  placed  so  that 

We  have  already  seen,  indeed,  (f  78,  the  fikment  of  this  metal  forma  part  of 

79,  80,)  that  it  ia  only  a  very  small  part  the  circuit ;    on    the    discharge    beini; 

of  an  electrified  body,  namely,  tlie  mere  made,  the  glass  tube  will  be  burst,  and 

surface,  that  is  in  an  active  state,  either  its  fragments,  togetha*  with  the  mer- 

of  positive  or  negative  electricity,  and  cury,  will  be  completely  dispersed.    If  a 

that  the  rest  of  the  substance  of  the  body  fluid  of  inferior  (HHiductin^  power,  such 

i«  io  a  state  of  perfect  neutrality.  as   water,  be   contained  m   a   tube   of 

nSO.)    It  also  appears  that  the  unin-  larger  diameter  than  in  the  preceding 

errupted  passage  of   any  quantity  of  ■       .  ..                           .^  -  — - 

eleclncily  through  a  perfect  conductor,  ^,  , 

such  as  a  rod  of  metal  which  is  of  sufii-  the  tube,  and  scatter  its  contents,     uii, 

cient  thickness  to  convey  it,  occasions  alcohol,  and  ether,  oppose  still  greater 

no  perceptible  alteration  in  the  mecha-  resistance  than  waier  h)  the  passage  of 

nical  properties  of  the  conducting  l>ody.  electricitY,  and  they  are  expanded  and 

<151.)    On  the  contrary,  very  consi-  scatterea  with  still  greater  violence  by  a 

derable  ef^ts  are    produced  when  a  discharge  being  made  to  pass  through 

powerful  charge  is  sent  through  a  wire,  them. 

which  from  the  smallness  of  ila  size  will  (154.)  Beccaria  introduced  two  wires 
not  admit  of  the  whole  quantity  to  pass  through  holes  in  the  opposite  sides  of  a 
with  perfect  freedom ;  or  through  a  suli-  perforated  hall  of  solid  glass  of  two  in- 
stance which,  although  large,  is  deficient  chea  diameter,  the  ends  of  the  wire* 
in  conducting  power;  or,  in  other  words,  beine  separated  by  a  drop  of  water, 
which  opposes  a  degree  of  resistance  to  which  occupied  the  centre  of  the  perfb- 
the  passage  of  electricity.  Thus,  an  iron  foration.  On  passing  a  shock  through 
conductor  will  carry  off  the  whole  elec-  the  wires  and  intervening  drop,  the  ball 
Iricity  of  a  thunder-cloud  in  safety  and  was  shattered  with  great  violence.  By 
in  EUence,  while  a  beam  of  wood,  or  a  a  similar  armngement,  Mr.  Morgan 
tree,  struck  t>y  lightning,  is  shivered  into  succeeded  in  breaking  green  glass  bot- 
ft  thousand  fragments.  ties  flUed  with  water,  when  the  distance 

'1S2.)  When  electricity  thus  changei  of  tlie  wires  between  which  the  explosion 
the  physical  properties  of  bodies,  its  passed  exceeded  two  inches.  In  this 
operation  may,  in  general,  be  referred  to  wav,  also,  glass  tubes,  half  an  mch  thick, 
that  of  separating  their  particles  in  the  with  a  bore  of  the  same  diameter,  were 
line  of  its  course.  This  separation  is  burst  with  a  very  moderate  charge,  in 
effected  with  more  or  less  violence,  ac-  Mr.  Singer's  experiments.  If  a  cup-like 
cordingtotheintensityand  quanlilyofthe  cavitybe  turned  in  a  piece  of  ivoiy,  ca- 
chaige,  and  isfrequently  attended  bytlie  pable  of  receiving  the  half  of  a  hght 
evolution  of  heat  and  light.  I^e  mecha-  wooden  ball,  with  a  small  conical  celTst 
nical  efTects  of  electricity  resemble  those  the  twttom  of  the  cavity,  and  two  wires 
which  would  be  produced  by  a  material  be  inserted  into  it  through  the  sides  of 
agentdrivenwith  great  velocityand  force  tlie  ivory;  on  putting  a  drop  of  water, 
through  the  substance  of  the  body.  Some  alcohol,  or  ether  between  the  wirea,  and 
of  these  effects,  on  the  other  hand,  seem  placing  the  ball  over  them  in  its  cavity, 
to  be  tlie  consequences  of  the  expansion  and  sending  a  charge  through  the  drop 
produced  by  heat;  but  many  of  the  of  fluid,  part  of  it  will  be  suddenly  con- 
chants  induced  by  electricity  are  of  a  verted  into  vapour,  and  the  ball  will  be 
chemical  nature,  and  such  as  mechani-  propelled  with  great  violence.  Even  a 
cal  agencies  alone  are  insufficient  to  ex-  common  drinkingglass,filledwilh  water, 
plain.  We  proceed  to  describe  these  may  be  broken  by  the  eitplosive  force 
aeveral  effects  more  particularly.  with  which  vapour  is  formed  at  the 
1  ■  .^1  ■  ,  U9.  *  n,  point  where  the  electricity  pawes.  Bec- 
i  1.  MatAameal  £ffecU  of  Eltetnctttf.  ^^^^  constructed  a  small  mortar  with  a 

(153.)  The  cohesion  of  (he  particles  of  ball,  behind  which  a  drop  of  water  wm 

solid  bodies  may  be  conceived  to  oppose  placed,  so   as  to  be  between  (be   two 

some  resistance  to  tlie  tendency  of  elec-  wires  tliat  passed  through  the  sides  of 

tricityto   separate  these   particles  from  the   mortar.    The    charge    being    sent 

one  another ;   for  we  find  that  fluids  are  through  the  two  wires,  the  drop  of  water 

more  violently  acted  upon  than  solids,  by  was  expanded  with  svich  force,  as  to 

the  passage  of  the  electric  discharge.    If  drive  out  the  ball  with  great  velocity, 

the  item  of  a  capillaiy  tube,  such  as  ia  Mr.  LulUn,  of  (Jeneva,  found  that,  by 
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xtamg  OL  We«d  of  mter  in  thu  ex- 
periment, the  ball  was  projected  with 
still  f^reater  force, 

(155.)  If  two  wires  be  intriyltictKl  into 
a  soft  piece  of  tobacco-pipe  clay,  sn  that 
their  enda  be  near  each  otiier,  and 
a  shock  passed  Ihroiijh  them,  Ihe  clay 
will  be  curiously  expanded  in  tlie  inter- 
val between  the  wires.  The  experiment 
will  not  suoceed  if  the  clay  be  citlier  too 
dry  or  too  moist  Tf  the  clay  be  too  dr^, 
or  the  shock  too  powerful,  Uia  mass  will 
be  shivered  bto  innumerable  fragments. 
If  the  clay  be  placed  in  the  tube  of  a  to- 
bacco-pipe, or  in  a  plaas  tube,  the  ex- 
pansion of  the  clay  will  be  so  consider- 
able as  to  shatter  the  tube  which  con- 
tains it 

(156.)  The  expansion  of  air  by  the 
passage  of  the  electrical  fluid,  eitiier  in 
the  form  of  sparks  or  shocks,  is  shown 
in  Ihe  following  experiment  of  Kinners- 
ley,  the  apparatus  for  which  has  been 
called  the  Eiectricai  Air  Thermometer. 
It  consists  al  a  glass  tube  closed  at  both 
ends  t)y  air-tight  brass  caps,  through 
which  two  wires  slide  in  the  direction  of 
the  axis  of  the  tube.  These  wires  are 
terminated  by  brass  balls,  which  are 
made  to  approach  within  the  striking 
distance.  To  an  aperture  in  the  bot- 
tom of  the  lower  c^  is  fitted  a  bent 
tube  of  glass  which  turns  upwaids,  and 
is  open  at  both  ends ;  the  Dent  part  is 
filled  With  mercurv,  or  with  a  coloured 
fluid,  which  may  mdicate  by  its  rising 
or  falling  in  the  tube  any  mlatation  or 
contraction  that  may  take  place  in  the  air 
within  the  vessel.  It  is  found  that  every 
time  a  spark  passes  tietween  the  brass 
balls,  the  fluid  suddenly  rises,  but  de- 
scends again  to  its  former  level  imme- 
diately after  each  explosion ;  thus  show- 
ing; that  the  dilatation  of  the  air,  produced 
by  the  abrupt  passa^  of  electrici^,is  but 
ofmomenlwy  duration. 

(157.)  Whena  strong  electrical  charge 
baent  through  a  veiy  confined  portion 
of  air,  the  explosive  effects  produced  by 
it  ere  as  considerable  as  those  we  have 
seen  exhibited  by  denser  fluids.  Thos  if 
a  piece  of  plate  glass  of  the  size  of  a 
square  inch,  and  half  an  inch  in  thick- 
ness, be  laid  flat  upon  the  small  table  of 
Henley's  universal  discharger,  ({  136,) 
and  pressed  down  by  a  weight,  and  the 
pointsof  the  sHding  wires  be  set  oppo- 
site to  each  other  and  against  the  under 
edge  of  the  glass,  so  that  the  electricity 
may  pass  beneath  it,  the  charge  of  a 
large  jar  transmitted  in  this  way  will 
break  the  glass  into  inntunerable  fr^' 


menta,  and  even  reduca  a  portion  into  an 
impalpable  powder.  If  the  moutli  of  a 
small  mortar  made  of  ivory,  with  a  ca- 
vity of  half  an  inch  diameter  and  an  inch 
deep,  1)6  stojiped  by  a  cork,  fittpd  so  as 
to  close  the  aperture  accurately,  yet 
without  much  friction,  and  if  tivo  wires 
be  inserted  through  tlie  sides  of  tlie  mor- 
tar so  that  their  points  within  the  cavity 
be  separated  by  an  interval  oif  about  a 
quarter  of  an  inch,  a  strong:  charge 
bein^  sent  through  the  wires  wUl  expand 
the  air  within  the  cavity  so  sudden^  as 
to  project  Ihe  cork  (o  some  distance. 

(158.)  Solid  lx>dies  of  a  porous  tex- 
ture, such  as  wood,  are  easily  torn 
asunder  by  an  electric  charge.  If  two 
holes  be  drilled  in  the  0[^site  ends  of 
a  piece  of  wood,  about  half  an  inch 
long,  and  a  quarter  of  an  inch  thick, 
ana  the  ends  of  two  wires  inserted  in 
the  holes,  so  that  their  points  may  be  at 
the  distance  of  a  quarter  of  an  inch ;  on 
passing  a  strong  chai^  through  them, 
the  wood  will  l>e  spht  m  pieces.  Stones, 
loaf-sugar,  and  other  brittle  and  im- 
perfectly conducting  substances,  may  be 
proken  m  a  similar  way. 

Place  a  piece  of  dry  writing  pwer 
upon  the  table  of  the  universal  ais- 
charger,  and  having  removed  the  baJOa 
from  the  ends  of  the  sliding  wires,  press 
the  points  of  the  wires  against  the  paper 
at  the  distance  of  two  incites  from  each 
otlier ;  if  a  powerful  shock  lie  now  sent 
through  the  wires,  the  paper  vriU  be 
torn  m  pieces.  If  a  number  of  wai^ 
be  placed  on  ttie  table,  instead  of  paper, 
they  will  be  dispersed  in  a  curious  man- 
ner, and  many  of  them  broken  into 
small  fragments. 

(159.)  A  singular  result  is  obtained 
l^  the  following  variatioQ  in  the  circum- 
stances of  the  last  experiment,  which 
was  made  by  Mr.  LuLlin.  Suspend  a 
varnished  card  by  silk  threads,  (see  fig. 
38,)  in  such  a  manner  that  two  blunt 
Fig.  I 
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s  proceeding  fnm  the  two  sides  of 
t  or  baUmy.  m^  ba  in  contact  witti 
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the  oi^iite  aides  of  the  can],  but  at  the  mechanical  impresskiiu  mtide  by  elee- 

Eame  time  half  an  inch  distant  ftam  tridfy.    Let  a  sheet  of  fin'foil  be  placed 

each   other;     when    the   discharge    is  in  the  middle  of  a  quire  of  paper;  on 

made    between    the   wires,    and   along  makbg  the  dischai^  through  it,  the 

the   surface  of  the   card,  the  latter  is  tin-foil   is  found  to  have  received  two 

found  to  be  perforated,  but  always  at  indentations  in  opposite  dh'ections,  and 

the  point  where  die  wire  communicating  theleaveaofpaperarerentinsucbaman- 

with  the  negative  side  of  the  battery  had  ner,  that  on  Doth  sides  of  the  tin-foil  the 

touched  it.    The  same  perforation  takes  burs  point  towards  the  outsides  of  the 

place  at  this  point,  even  when  a  hole  cjuire ;    but  the  indentalions  upon  the 

has  been  previously  made  at  the  point,  tm-foil,  and  the  bun  on  the  paper.arein 

where  it  is  touched  by  the  positive  wire.  oppoMte  directions.    If  auotlier  quire  of 

The  course  of  the  electric  fluid  may  paper  be  taken,  and  two  sheets  of  tin- 
be  traced  with  more  precision,  by  hav-  foil  be  placed  within  it,  so  that  they  are 
ihg  both  sides  of  the  card  coloured,  separated  by  the  two  middle  leaves  of 
previously  to  the  experiment,  with  ver-  the  quire,  the  result  will  be  that  all  the 
milion,  for  it  will  then  leave  on  the  leaves  will  be  perforated,  excepting  the 
card  a  wdl  defined  black  line  extending  two  within  the  tin-foil,  and  in  these  two 
from  the  point  of  the  positive  wire  to  leaves  there  will  be  two  impressions  ot 
the  perforation  ;  and  a  di^sed  black  indentations  in  opposite  directions. 
mark  on  the  opposite  side  of  the  card,  (162.)  The  mecnanicaleffectswehav« 
around  the  peiforation,  and  next  to  the  just  described  have  been  often  adduced, 
negative  wire.  not  only  as  proofs  of  the  materially  of 

(IGO.)  When  the  electrical  dischai^e  the  electiic  fluid,  but  also  aa  positive 
is  made  to  pass  in  a  perpendicular  di-  indications  of  the  direction  of  ila  motions, 
rection  through  the  thickness  of  a  card,  according  as  either  the  one  or  the  other 
which  may  be  effected  by  placing  it  of  the  two  theories  of  electricity  it 
against  the  outer  coating  of  a  Leyden  adopted.  But  this  is  a  subject  which  we 
jar,  and  setting  the  lower  ball  of  the  reserve  for  fijture  discussion, 
discharging  rod  against  the  other  side  (163.)  The  fracture  of  glaas  by  th« 
ofthecard,  so  that  its  thickness  may  be  electrical  explosion  has  already  beoi 
interposed  between  it  and  the  lin-foil,  adverted  to,  (f  129 ;)  but  there  are  still 
and  making  the  explosion  in  the  usual  a  few  ciTcumstaiic«s  attending  it  which 
way.  as  represented  in  fig.  33,  (j  134.)  deserve  to  be  noticed.  The  e%es  ot  the 
the  card  will  be  perforated.  At  the  edge  fractured  portion  appear  well  defined  on 
of  the  perforation,  on  each  side  of  the  the  positive  side ;  while  on  the  negative 
card,  there  will  be  a  small  bur  or  pro-  side  Uiey  are  splintered,  as  might  be 
trusion.  which  is  always  larger  on  the  expected  from  the  passage  of  a  materia] 
side  next  to  the  jar,  than  on  that  next  to  agent  from  the  former  to  the  latter.  It 
the  discharging  rod ;  the  former  being  is  remarkable  also,  tliat  &  perforation 
the  negative,  and  the  latter  the  positive  may  be  made  in  glass  by  a  very  mode- 
side.  By  passing  the  shock  through  a  rate  discharge,  when  the  glass  is  in  con- 
aulre  of  paper,  instead  of  a  single  card,  tact  with  oil  or  sealing-wax,  Thus  if 
tne  progress  ot  this  effect  at  oifferent  a  small  uhial,  or  glass  tube,  closed  at 
depths  from  the  surface  may  be  accu-  one  end,  tie  filled  with  olive  oil.  and  a 
rately  analysed.  Mr.  Symnier.  who  de-  pointed  wire,  bent  at  riaht  angles,  and 
vised  this  expcrimenl.  observed  that  the  passing  through  a  cork  fitted  to  tiw 
ragged  edges  were  for  tlie  most  part  mouth  of  the  phial  or  tube,  be  intro- 
direcled  outwards  ti-om  the  body  of  the  duced  info  it.sothat  tliepoiutmaytouch 
quire.  Upon  examining  the  leaves  »e-  any  part  of  its  inside  beneath  the  sur- 
paratdy,  however,  he  found  that  tlie  face  of  the  oil ;  on  suspending  the  ves- 
edges  of  the  holes  were  bent  regvdarly  sel  by  its  wire  to  the  pnme  conductor  of 
two  different  ways,  and  more  remarka-  an  electrical  machine,  and  applying  to 
bly  so  about  the  middle  of  the  quire ;  the  ovitside,  either  the  knuckle,  or  a 
one  edge  of  each  hole  being  throughout  brass  ball,  exactly  opposite  to  the  point 
its  course  forced  one  way,  and  the  ottier  of  the  wire  within,  so  that  a  spark  may 
edge  in  the  contrary  direction,  as  if  the  pass  between  them,  it  will  be  found  to 
hole  had  been  made  in  the  paper  by  h.ive  made  a  small  perforation  through 
drawingtwo  threads  through  it  in  oppo-  the  glass ;  by  bringing  the  wire  in  con- 
sHe  directkins.  tact  with  different  parts  of  the  glass,  a 

(lai.)  The  following  variation  of  the  great   number  nl  holes    may   thus   bo 

cxperimeitt  illustrates  the  nature  of  the  made  in  A,  Hie  eSM  of  the  oil  ^pean 
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lo  be  that  of  conlrollinf  the  tendency  of  ha*  a  weight  auspended  by  it   so  a» 

the  electnc  fluid  to  diverge,  and  of  eon-  to  give  it  considerable  tension,  the  lentrth 

centratmg  the  wliole  power  of  the  charge  of  the  wire  becomes  increased  instead 

into  a  smrfe  point.  of  diminished,  as  in  the  above  expcri- 

^.■'^■'Jf^'^'tP"'?'®  tendency  is  also  ment.      This  U  evidently  owin?  to  the 

weU  illuslrated  by  the  following  expen-  influence  of  the  heat  which  aecompa- 

nifflits  made  by  Dr.  Pnestley.   If  a  clean  nies  the  passage  of  the  electricity,  and 

brass  chain,  previously  dipped  in  melted  which   diminishes   the   cohesion   of  the 
resin,    be    laid    upon    paper,   and   Ihe  -  particles   of   the    metal,    and   disposes 

chargeof  abalteiy  ofatleast32s(juare  them  to  yield   to    the   eitendine  force 

feel  be  sent  through  it,  the  resinous  which  the  weight  supplies 

coating  will  lie  thrown  off  from  every  ,       „    , 

part  of  the  chain,  which  will  be  left  per-  S  2.  Evolutton  of  Heat  by  Eleetricity. 

fectly  clean,  and  free  from  resin.     If  a  (166.)  Theignition  andfusion  of  metals 

tffass   chajn  be  laid   upon   a  piece  of  bythe  electric  discharee,  are  phenomena 

(tlass.   and    a    similar    charge    passed  which  have  been  long  observed      Tlius 

through  it.  the  glass  will  be  marked  in  by  passing   a    strong    chaive  throuirh 

ft  beautiful  manner  on  every  part  of  iU  slender  iron  wires,  they  are  ignited,  and 

surface,  wliere  it  had  been  touched  with  partly  melted  into   globulesT     It  was 

the  chain,  every  spot  having  the  width  formerly  believed  that  veiy  large  bat- 

and  colour  of  the  link.     The  metal  may  teries  were  necessary  for  obtaining  this 

be  scraped  off  the  glass  at  the  outside  of  effect;   but  if  the   wire  be   sufficiently 

the  marks,  but  in  the  middle  part  it  is  fine,   the'  elecbricity    accumulated   in   a 

forced   within  the  pores   of  the   glass,  single  jar  of  moderate  size  wDl  suffice 

Dr.   Priestley  communicated  a   similar  for  its   production.     The  best  material 

tinge   to   glass,   by   means   of  a   silver  for  exhibiting  this   effect,  is  the  finest 

chain,  and  small  pieces  of  other  metals ;  flatted   steel   sold  at  the  watchmakers" 

but   he  could  not   succeed  with  large  tool  shops,  under  the   name   of  watch 

pieces.  pendulum  wire.    Van  Marum  lias  given 

(I6S.)   The  effects  of   accumulated  astatementofthelengths  of  wires  ofdif- 

dectricity  upon  metallic  bodies,  are  re-  ferent  diameters,  and  of  different  metala, 

forable,  for  the  most  part,  to  the  agency  which  his  powerful   machine    enabled 

of  the  heat  produced  by  its  passa^  him  to  melt;    when  they  were  drawn 

through  tliem ;  yet  the  phraiomena,  in  to  tlie  thirty-second  part  of  an  inch  in 

many  cases,  indicate  also  the  operation  diameter,  he  found  that  he  could  fuse 

of  other  forces.     By  the  transmission,  120  inches  of  lead  wire,  and  the  same 

through  a  piece  of  metal,  of  repeated  quantity  of  tin  wire ;  five  inches  of  iron 

shocks,  which  are  not  powerful  enough  wire ;   three  inches  and  a  half  of  gold 

to  effect  hs  fusion,  or  even  ignition,  a  wire ;  and  only  one  quarter  of  an  uich 

permanent  alteration  may  be  produced  of  wires  of  silver,  copper,  or  brass. 

m  its  form,  such  as  would  not  have  re-  (167.)      Prom    the    experiments    of 

suited  from  heat  alone.     Dr.   Priestley  Brooke  and  of  Culhbertson,  it  has  been 

and  Mr.  Naime  found  by  experiment,  inferred  that  Ihe  lengtii  of  wire  which  is 

that  a  chain  lluxiugh  which  an  electrical  thus  melted   by  the  electric  discharge, 

eharg^  had  passed,  undei^oes  a  dimmu-  varies  as  the  square  of  the  quantity  of 

tion  in  its  length.     A   piece  of   hard  accumulated  electricity   which   is   sent 

drawn  iron  wire,  ten  inches  long  and  through  it ;  thus  a  combination  of  two 

one  hundredth  of  an  inch  in  diameter,  jan,  charged  to  an  equal  degree,  will 

was  found,  alter  fifteen  discharges,  to  melt  four  times  the  length  of  wire  which 

have  lost  one  inch  and  one  tenth  of  its  one  jar  will  melt 

ki^h;  and  the  increase  of  thickness  (168.)  While  the  electric  battery  thus 

seemed  to  be  in  proportion  to  this  Ion-  effects  Ihe  fusion,  sjid  even  in  some 

gitudinal  contraction,  tor  Ihe  wire  had  cases    the  volatilization  of  metals,  the 

not  perceptibly   lost  any  of  its  weight  phenomena  appear  also  to  indicate  the 

during  the  exjieriment     A  copper  wu-e  action  of  propelling  or  dispersive  forces, 

plated  with  silver,  of  tlie  same  dimen-  as  if  the  agent  concerned  in  their  pro- 

sions  as  the  former,  LindtTwenl,by  Ihe  duction  was  endowed  with  great  mecha- 

came  treatment,  a  diniinulion  of  length  nical  momentum.      Thus    the    densest 

two  tliirds  as  great  as  that  of  the  iron  metals  are  rent  and  dispersed  with  vio- 

wifE-  lence  by  the  passage  of  accumulated 

On   the   other  hand,  if  the  shocks  electricity     If  a  slip  of  goki  or  silver 

be  tiaiumitted  Uirough  a  nire  which  leaf  be  placed  on  white  p^>»,  and  a 
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ctroiiff  shock  pftssed  Ihrouj^h  it,  the  spirit  of  nine  be  not  hif^ly  rectified,  if 
metal  will  disappear  nith  a  bni^ht  flash,  will  jfenerally  be  necessary  previously  to 
■nd  the  impulse  with  whit;h  ils  particles  wartn  it,  and  the  same  precaution  must 
are  driven  against  the  paper  will  produce  t>e  taken  with  other  fluids,  as  oil  and 
a  permanent  stain  of  a  purple  or  gref  pilch;  but  it  is  not  required  with  ether, 
colour.  Franklin  found  tnat  if  tm  wliich  usually  inflames  very  readily, 
metallic  leaf  be  placed  between  two  Hut,  on  the  other  hand,  i(  is  to  be  re- 
panes  of  glass  firm Iv  lied  together,  the  marked  that  the  temperature  of  the  body 
explosion,  provided  tne  glass  withstsnds  -whith  communicates  the  spark  appears 
the  concussion,  will  leave  on  each  of  to  have  no  sensible  influence  on  the  heat 
its  surfaces  an  bdelible  stain,  in  conse-  produced  by  it.  llius  the  sparks  taken 
quence  of  some  of  the  metallic  particles  from  a  piece  of  ice  are  as  capable  of  in- 
being  actually  forced  into  the  substance  flaming  bodies  as  those  from  a  piece  of 
of  the  glass,  and  being  then  inaccessible  riKl-hot  iron.  Nor  is  the  heating  power 
to  the  action  of  chemical  solvents  applied  of  electricity  in  the  smallest  deto^e  dimi- 
to  the  surface  of  the  glass.  Sometuae*  nished  by  its  being  conducted  through 
it  is  found  that  these  metallic  stains  any  number  of  freezing  mixtures  which 
extend  to  a  greater  distance  than  the  are  rapidly  absorbing  heat  from  sur- 
breadlh  of  the  piece  of  melaL    It  often  rounding  bodies. 

happens,    however,   that  the  pieces  of  (171.)   Light,  as  well  as  heat,  is  emit- 

siass  themselves  are  ahatter«l  to  pieces  ted  during  the  electric  discharge  at  every 

by  the  discharge.  point  where  the  circuit  is  either  inler- 

( 1 G  9. )  The  colours  produced  by  the  rupted,  or  is  occupied  by  txKiies  of  infe- 

electric  explosion  of  metals  have  Deen  rior  conducting'  powers.     A   moderate 

ap}^ied  (o  impress  letters  or  ornamental  charge  will  produce  a  bright  spark  when 

devices  on  silk  and  on  paper.    For  thia  made  to  pass  tlmnigh  water,  and  the 

Eurpose  Mr.  Singer  directs  that  the  out-  spark  is  still  more  luminous  in  oil,  alco- 

ne   of  the  reaulred  figure  should  be  hoi,  or  ether,  which  are  worse  conductors 

first  traced  on  thick  drawing  paper,  and  than  water ;  on  the  contraiy,  in  fluids  of 

afterwards   cut  out  in  the   manner   of  greater  conducting  power  there  is  greater 

stencil  plates.     The  drawing  paper  i>  difiiculty  of  eliciting  electric  l^^ht.   Thus 

tlien  placed  on  the  silk  or  pa^r  intended  a   much  higher  charge  is  required  to 

to  be  marked  ;  a  leaf  of  gold  is  laid  upon  produce  a  spark  in  hot  water  than  in 

it,  and  a  card  over  that ;  the  whole  is  cold ;   a  still  higher  in  saline  solutions  ; 

(hen  placed  in  a  press  or  under  aweight,  and  in  concentrated  acids,  light  can  be 

and  a  cliarge  from  a  battery  sent  thtoueh  obtained  only  when  their  volume  is  veiy 

the  gold  leaf.    Tlie  stain  is  confined  by  small;  so  tW  it  is  necessary  for  that 

tlie  mterposilion  of  the  drawing  paper  to  purpose,  to  draw  a  line  of  the  acid  upon 

thelimit  of  thedesign,  and  inmis  w^  a  a  plate  of  ^asa  with   a  camel's   hair 

prolile,  a  flower,  or  any   other  outline  pencil.  ITiis  is  illustrated  by  tlie  foUow- 

figure  may  be  very  neatly  impressed.  mg  experinient   mentioned  hy  Singer. 

(1 70.)   The  heat  evolved  by  electricity.  Draw  a  line  with  a  pen  dipped  in  water 

like  most  other  of  its  eflecis,  is  in  pro-  on  the  surface  of  a  slip  of  glass ;  place 

portion  to  the  resistances  opposed  to  its  one  extremity  of  the  line  in  contact  with 

passage.   The  less  the  conducting  i>ower  the  coating  of  a  Leyden  jar,  and  at  six 

of  a  metal,  the  greater  is  tlie  portion  of  inches  distance  upon  the  line  place  one 

it  which  the  same  shock  can  ignite  or  knob  of  the  discliarging  rod ;  when  the 

destroy.    A  rod  of  wood  of  considerable  jar  is  ^lly  charged,  bring  tlie  other  liaLl 

tliickness  being  made  part  of  the  circuit,  of  the  discharger  to  the  knob  of  the  jar, 

has  its  temperature  sensibly  raised  by  a  and  the  dischar^  will  take  place  lumi- 

veiy  few  discharges.    Most  combustible  nously  over  the  six  inches  of  water.  Next, 

bodies  are  capable  of  Iteing  inflamed  by  trace  a  line  with  a  pen  dipped  in  sul- 

electricity,  but  more  especially  if  it  M  phuric  acid  on  a  slip  of  glass,  as  in  the 

made  to  strike  against  lliera  in  the  foi  m  former  experiment,  and  place  one  extre- 

of  a  spark  or  shock  obtained  by  an  in-  mity  of  it  m  contact  with  the  outside  of 

terrupted  circuit,  as  by  the  interposition  the  jar ;  the  ball  of  the  dischai^er  may 

of  a  stratum  of  air.      la  this  way  may  then  be  placed  on  the   glass   at  twelve 

alcohol,  ether,  camphor,  powdered  resin,  inches   distance,  and  the   electric   fluid 

phosphorus,  or  gunpowder   be  set  fire  vrill  pass  as  brilliantly  over  that  interval 

to.    The  inflammation  of  oil  of  turpen-  as  over  the  six  inclies  of  water,    la 

tine  will  be  promoted  by  strewing  upon  either  of  these  experiments,  if  the  line  of 

it  fine  pHtidra  (<  bnas  filiaga,   Utha  fluidbewiikiiaBaypucti«)l»£«rtrtte 
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l%ht  of  the  diicharge  will  appearless  (174.)    Under  other    cireumstELn^i, 

bnlliant  in  passing  that  portion ;  this  dectricity  is  found  to  exert  a  power  the 

must   arise   from    the   j^aler  division  reverae  of  the  former ;  tor  it  decomposes 

of  the   fluid  when — *""■"  "-■•'—  ~-<-~.*;"~  •t-™-  -—■—>.■ 

tended  conductor  I 

i  3.  Chemtcai Effect* qf  Eleelridly.  ^i,°^^^c^  theTxidw'of'T^' anTrf 
(172.)  Electricity  exerts  a  most  ex-  mettury  to  their  metallic  state  by  elec- 
tensive  and  important  influence  in  eSM-  tricity.  In  order  to  efi^t  this  change,  a 
ing  ctianges  in  the  diemical  comjiosition  rjuantity  of  the  oxide  may  t>e  introduced 
of  bodies ;  but  as  this  influence  is  most  into  a  glass  tube,  and  uointed  conducting 
conspicuously  exerted  in  that  particular  wires  msetted  through  corks  at  the  op- 
mode  of  agency,  which  is  known  by  the  posite  ends  of  the  tube,  so  that  a  iwrtion 
name  of  Galvanitm,  this  subject  will  of  the  oxide  may  He  tietween  them.  This 
more  properly  be  considered  in  the  treatise  apparatus  is  then  to  be  placed  on  the 
on  that  branch  of  electrical  science.  For  table  of  the  universal  dischaiger.f}  136,) 
Uie  present,  vie  must  content  ourselves  and  repeated  shocks  are  to  be  sent 
with  adducing  a  few  instances,  illustrs-  through  the  oxide  until  its  partial  or 
tive  of  the  chemical  effects  of  electricity  total  reduction  is  accompbshed.  Ver 
in  the  forms  under  which  it  has  now  mUion,  which  consists  of  sulphur  and 
been  presented  to  our  notice.  mercury,  is  very  easily  decomposed  by 
(173.)  Some  of  the  chemical  change*  thia  process,  and  tiy  a  very  moderate 
eonseqneni  on  powerful  efectiical  ex-  charge. 

plosions,  appear  to  be  mer«ly  the  effects  (175.)  When  a  suocesEion  of  electric 
of  tlie  heat  which  is  evolved  in  that  pro-  discharges  from  a  powerful  electric  ma- 
cess.  The  surfaces  of  metallic  bodies  chine  are  sent  through  water,  a  decom- 
through  which  accumulated  electricity  Is  position  of  that  fluid  takes  place,  and  it 
made  to  pass  are  frequently  oxidated  ;  is  resolved  into  its  two  elements  of  oxy- 
this  is  seen  mor«  especially  in  the  case  gen  and  hydn^n,  which  immediately 
of  wires  tliat  have  ueen  fused  or  Tola-  assume  the  gaseous  form.  This  fact  was 
tiliied  br  the   elecu-ic   discharge.    It  is  disoovered  m  17B9,  by  Messrs.  Dieman, 


known  that  metals  intensely  heated  are  Paeti,  and  Van  IVoostwyck,  who  had 
disposed  to  combine  with  tne  oxygen  of  (brmed  themselves  into  a  society  for  ex- 
the  atmosphere,  and,  consE(juently,  to    petimental  research  in  Holland;  and  it 


assume  the  state  of  oxides  ;  it  is  simpler,  completed  the  chain  of  evidence  1^  which 

therefore,  to   ascribe  this  efttct  in  the  the  great  discoveiyof  the  composition  of 

present  case  to  a  cause  which  is  known  water,  made  five  years  l>erore  by  Caven- 

to  be  in  operation  at  the  same  moment,  dish,   is  established.      Tlie    abovemen- 

than    to    any   peculiar  or  determining  tioned   Dutch  chemists  being  occupied, 

agency   of  electricity.     A  multitude  of  in  conjunction  with  Mr.  Culhbertson,  in 

experiments  are  on  record  in  wliich  the  investigating  the    effects    of    electricity 

Ctial  oxidation  of  melals  has  been  ef-  when  passed  through  different  bodies, 
ed  by  electric  explosions.  This  subject  were  desirous  of  ascertaining  its  effect 
was  prosecuted  with  minute  and  iBbori-  on  pure  water.  They  employed  for  this 
oui  altention  by  Van  Maj^m,  by  Cuth-  purpose  an  apparatus  consisting  of  a 
bertson,  and  more  lately  by  Singer.  It  glass  tube,  twelve  inches  long  and  one- 
is  remarked  by  this  last  experimentalist,  eighth  of  an  inch  in  diameter,  through 
that  the  oxkles  of  metals  produced  in  one  end  of  which  a  gold  wire  was  in  • 
thia  way  appear  to  consist  of  several  serted,  projecting  about  an  inch  and  a 
distinct  portions  of  different  degrees  of  halFwitnin  the  tube  ;  that  end  was  then 
fineness;  wlienawire  is  exploded  in  a ~  hermetically  sealed.  Another  wire  was 
receiver,  part  of  the  oxide  immediately  introduced  at  the  other  tnd  of  the  lube, 
falls  to  the  bottom,  but  another  portion  which  was  left  open,  and  piissed  up- 
remains  suspended  in  the  air  for  a  con-  wards,  so  that  its  extremity  came  to  a 
aklerable  time,  and  is  at  length  gradually  distance  of  five-eighths  of  an  inch  from 
deposited.  It  is  probable  that  this  eir-  the  end  of  the  first  wire.  The  tube  was 
cumstance  may  m  part  account  for  the  then  filled  with  distilled  water,  which 
different  colours  of  oxides  produced  in  had  been  freed  from  air  by  an  excellent 
dose  receiven  and  in  the  open  air,  for  in  air-pump,  and  inverted  in  a  vessel  con- 
the  latter  ease  a  portion  oi  the  («ide  is  taimiw  mercurv.  A  little  common  air 
alwayiiost.  vw  kt  into  ilw  top  gC  tbe  ^x^  ia 
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dischar^.    Electrioel  shocka  w 

passed    between  the  two   ends   of   the  ttpplied  to  this  object.    Having  procured 

wires  through  the  water  in  the  tube  by  a,  amall  wire  of  fine  ^Id,  and  eiven  tn  it 

means  of  a  Leyden  jar,  which  had  a  as  fine  a  paint  as  possible,  he  inserted  it 

■quare  foot  of  cot^ed  surface.     This  jar  into   a  capillaty  glass  tube;   and   after 

was  charged  by  a  very  powerful  double  heating  the  tube,  so  as  to  make  it  adhere 

plate  machine,  which  caused  it  to  dis-  to  the  point,  and  cover  it  in  evny  part, 

charge  twenty-five  times  in  fifteen  revo-  he  gradually  ground  it  down,  till,  wkh 

lubona.     At  each  explosion  bubbles  of  a  pocket  lens,  he  could  discern  that  the 

air  were  formed,  and  rose  to  the  lop  of  point  of  the  goM  was  exposed.    When 

the  tube.     As  soon  as  a  sufficient  quan-  sparks  from  a  prime  conductor  of  an 

lily  had  collecled  to  leave  the  upper  end  electrical   macliine  were   made  to  pass 

of  (he  wire  uncovered  tiy  the  water,  so  throu^  water  by  means  of  a  point  so 

tliat  the  shock  had  now  to  pass  through  guarded,  a  spark,  extending  to  the  dis- 

a  portion  of  the  mixed  gases,  they  were  tance  of  one-eighth  of  an  inch,  wouU 

instantly  kindled ;  a  reunion  of  the  ele-  decompose   water   when  the   point  ex- 

ments  took  place ;  water  was  again  form-  posed  did   not  exceed  one  70Dth  of  an 

ed,  and  the  space  they  had  occupied  was  inch  in  diameter.     With  another  point, 

immediately  nlled  ^vith  fluid  Irom  l>e]ow,  estimated  at  one  15(lulh,  a  succession  of 

so  as  to  restore  every  thing  precisely  aa  sparks  one-twentieth  of  an  inch  in  length 

at  the  outset  of  the  experiment.    It  was  afforded  a  current  of  small  bubbles  of 

ascertained  by  the  most  decisive   che-  air.     With  a  still  finer  filament  of  goid, 

mical  tests,  that  the  gases  thus  obtained  the  mere  current  of  electricity,  wiOiout 

consisted  of  a  mixture  of  oxygen  and  any  perc^itiUespaiks,  evolved  gas  from 

hydrogen  gases.  wider. 

(17S.)  It  may  appear  somewhat  para-  (178.)  When  a  solution  of  sulphate  of 

doxical  that  the  some  a^iU  should,  in  copper  was  subjected  to  the  actim  of 

the  course  of  the  same  experiment,  pro-  electricity  by   means   of   these   slendo' 

duce  at  one    time    decomposition,  and  conductbg  wires,  the  metal  was  revived 

at  another  combination  of  the  same  ele-  around  the  negative   wire ;    but   upon 

ments.     The  simplest  way  of  reconciling  reversing  the  direction  of  the  current  of 

this  apparent  discordance,  is  to  suppose  electricity,  so  that  the  same  wire  now 

that  the  combination  of  the  gases  is  the  became  positively  electrified,  the  copper 

eiflict  of  the  heat  evolved  during  its  which  had  collected  around  it  wa*  re- 

fbrcible   transit  through   on    aeriform  dissolved,  and  a  similar  piet^pitate  wna 

fluid  that  opposes  consideralile  resistance  deposited  on  the  opposite  wir«,  which 

to  its  passage ;  wliile  the  decomposition  was  now  the  negative  one.    Similar  ex- 

of  the  liquid  is  the  direct  consequence  of  periments    made   with    other    metallic 

the  agency  of  electricity  when  not  inter-  solutions  were  attended  with  analogous 

fered  with  by  heat.  results  ;  Ihe  negative  wire  always  sqio- 

<177.)  Until  lately,  it  was  thought  ne-  rating  oxygen  from  its  combmationa, 

cessnty  to  employ  powerful  machines  the  positive  wire  always  attracting  it, 

and  lai^jars  in  order  to  eflect  the  de-  and  effecting  its  union  with  the  bases 

composition  of  water  by  electricity,  and  presented  to  it.    With  solutions  of  neu- 

tbatmeresparksfromacommonmachine  tral   salts,  the  alkaline  or  earthy  bases 

were  inadequate  to  accomplish  this  pur-  were  attracted  by  the  negative,  while  the 

pose.  That  there  is  in  this  respect,  how-  acids  were  alti-acted  by  the  positive  wiT«. 

ever,  no  essential  distinction  in  the  ope-  The  experiments  of  Sir  Humphry  Davy 

ration  of  ttiese  two  forms  of  electricity  liave  confirmed  these  results  as  &r  as 

has  been  satisfactorily  shown  by  Dr.  concerns  the  chemical  action  of  common 

Wollaston.    This  distinguished  philoso-  electricity ;  but  as  this  is  aaubject  which 

pher,  perceiving,  with  his  accustomed  liears  more  immediate  relation  to  che 

sagacity  and  penetration,  that  tlie  de-  mistry  and  to  galvanism,  it  would  not 

composition  would  depend  on  duly  pro-  be  ri^htto  enlarge  upon  it  in  tlie  present 

porhoning  the  strengtli  of  the  charge  to  treatise. 

the  quantity  uf  water,  and  that  the  quan-  (179.)  The  magnetic  effects  of  dec- 

tity  exposed  to  its  action  at  the  siirface  tricity  will  likewise  fbrm  the  subject  of  & 

of  communication  depends  on  the  extent  distinct  treatise,  as  they  now  constitute 

of  that  siu^ace,  inferred  that  by  reducing  a  new  branch  oif  scioice,  under  the  title 

the  wirface  of  communication  the  de-  of  EiiiCTKO-MAaNBTisx. 
composition  of  water  might  be  etfected 
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,  .    aa-^     j^-n,    .  ■  :             t'     1  ment  in  passing  from  the  surface  of  one 

iA.EffecttofEkctncilyt^>onAnt7nal^.  bone   to  Mother,    at  the  parts   where 

(180.)    Having  seen  lliat  the  effecla  the   continuity  ot    substance    is   inler- 

of  electricity  on  inanimate  matter  are  of  rupted  by  the  joints,  this  circumslance 

various  kinos,  we  should  be  led  to  ex-  explains  why  the  shock  is  often  more 

pcct  that  its  operation  on  livinj;  bodies  especially  felt  at  ttie  joints  than  in  anv 

would  be  still  more  complicated ;  for  in  other  part  of  a  limb.     But  if  the  shocic 

addition  to  its  mechanical  and  chemical  be   directed  more  particularly  through 

a^ncies,  it  can  hardly  fail  of  eKerling  muscles,  its  effects  are  chiefly  Ehown  by 

considerable  influence    on    the    living  exciting   a  convulsive   and  mvoluntary 

powers,  and  more    especially    on    the  action  of  those  muscles.    This  is  oft«i 

functions  of  the  nervous  system.    It  is  observed  to  take  place  in  a  paralysed 

unnecessniy  to  describe  ttie  sensations  limb,  when  electric    shocks    are   sent 

excited  in  the  Ixxly  by  receiving  electric  through  it,  although  the  nerves  of  the 

sparks  or   shocks,  smce  most  persons  limb  are  at  the  time  incapable  of  eon- 

in   the  present  day  are    familiar  with  veying  the  impressions  which  produce 

them.     It  is  curious,  however,  to  take  sensation.     Mr.  Morgan  stales,  that  if 

a  retrospective   view  of  the  mode  in  the  diaphraf[m  be  included  in  the  circuit 

which  the  effects  of  the  Leyden  phial  of  a  coated  surface  of  two  feet  in  extent, 

ivere  announced  to  tlie  worki,  on  their  fully  charged,  the  sudden  contraction  of 

first  discovery.    The  philosophers  who  the  muscles  of  respiration  will  act  30 

first   experienced,  in  tncir  own  person,  violently  upon  the  air  in  the  lungs,  as 

Uie  shocK  attendant  on  the  transmission  to  occasion    a  loud    and    involuntaiy 

of  an  elediic  dischoi^,  were  so   ini-  shout ;  but  if  the  charge  be  small,  a  fit 

pressed  with  wonder  and  with  terror  by  of  convulsive  laughter  is  induced,  pte- 

this  novel  sensation,  that  they  wrote  the  senting  a  most  ludicrous  exhibition  to 

most  ridiculous  and    exaggerated  ac-  the  by-standers. 

count  of  their  feelings  on  the  occasion.  (182.)  It  is  on  the  nervous  system, 

M  uschenliroek  states,  that  he  received  however,  that  the  most  considerable  ac- 

so  dreadful  a  concussion  in  liis   arms,  tion  of  electricilv  is  exerted.     A  strong 

shouUter,   and   heart,  that   he  lost  his  charge  passed  through  the  head,  gave 

breath,  and  that  it  was  two  Atxa  before  to  Mr.  Singpr  the  sensation  of  a  violent 

he  could  recover  from  its  effects  -,   he  hut  universal  blow,  and  was  followed 

declared  also,  that  he  should  not  be  in-  by  a  transient  loss  of  memory  and  in 

diiced  to   take   anotlKr   shock  for   the  distinctness  of  vision.     If  a  charge   be 

whole  kingdom  of  EVance.     Mr.  Alle-  sent  through  the   head   of  a  bira,   its 

mand  reports,  that  tlie  shock  deprived  optic  nerve  is   usually  bjured  or  de- 

him  of  breath   for  some  minutes,  and  stroyed,   and  permanent   blindness  in- 

afterwards  produced  so   acute   a  pain  duced:    and   a  similar  shock  given  to 

along  his  right  arm,  that  he  was  appre-  larger   animals,  produces   a  tremulous 

hensive  it  might  be  attended  with  seri-  state  of  the  muscles,  with  general  pros- 

ous  consequences,    Mr.  Winkler  informs  tradon  of  strength.     If  a  person  who  is 

us,  that  it  threw  his  whole  body  into  standing  receive  a  charge  through  the 

convulsions,  and  excited  such  a  ferment  spine,  lie  loses  his  power  over  tbo  mus- 

in  his  blood,  as  would  have  thrown  him  ctes  lo  such  a   degree,  that  he'  diher 

into  a  fever,  but  for  the  timely  employ-  drops    on    his    knees,    or   falls    pros- 

ment  of  febrifuge  remedies.    He  states.  Irate  on  the  ground ;  it  the  charge  be 

that  at  another  lime  it  produced  copious  sufiicicntlv  powerful,  it  will  produce  im- 

bleedtng  at  the  nose;  the  same  effect  mediate  death,  in  consequence,  proba- 

'       '    ■               -■    .   .       ^-  ...    -.  -L-       .,          ■       ■    n  of  the 

ing.  '1  hese  strange  accounts  naturally  Small  animals,  such  as  mice  and  spar- 
excited  the  attention  and  wonder  of  all  rows,  are  instantly  killed  by  a  shock 
classes  of  people;  the  learned  and  the  from  thirty  square  inches  of  ^lasa.  Van 
vulgar  were  equally  <lesirous  of  expe-  Marum  found  that  eels  are  irrecovera' 
rieucin^  so  singular  a  sensation,  and  bly  deprived  of  life  when  a  shock  is  sent 
great  numbers  of  half-taught  elcctri-  through  their  whole  body;  but  when 
cians  wandered  tlu'oiieh  every  part  of  only  a  part  of  the  body  is  included  in 
Europe  to  gi-atify  tlus  universal  cu-  the  circiut,  the  destruction  of  irritability 
riosity.  is  confined  lo  that  individual  pail,  while 
flSl.)  As  it  is  prohalile  that  the  elec-  the  rest  retains  Ihe  power  of  motion 
trie  Buid  meets  with  greater  impedi-  Different  persons  are  affected  in  voj 
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difi^ent  degrees  by  electricity,  accord  the  functions  of  the  general  system. 

ini;  tc  their  peculiar  coTutttutional  sua-  Accordingly  we  find,  that  at  one  period 

ceplibility.      Dr.  Youn^  remarks,  that  electricity  was  in  Kreat  repute  as  an 

&  very  minute  tremor,  cummunicated  to  efficBcLoui  remedy  in  a  number  of  dis- 

the  most  elastic  parts  of  the  body,  in  eases ;    but    at  present  it    is   seldom 

putlcular  1«  the  cnest,  produces  an  aei-  employed  except  in  a  veiy  few.     It  m 

tation  of  the  nerves,  which  is  not  wholly  not  unfrequently  had  recourse  to  in 

unlike  the  effect  of  a  weak  electricity.  palsy,  contractions  of  the  limbs,  rheu- 

(183.)   The  bodies  of  animals  killed  matism,  SI.  Vitus's  dance,  and  some 

by  electricity,  rapidly  undergo  |iutrefac-  kinds  of  desAiess,  and  impaired  vision ; 

lion,  and  the  action  of  electricity  upon  it  has  also  been  apphed  to  discuss  tu- 

the  flesh  of  animals  is  also  found  to  mcurs,  to  remove  obstructions,  and  to 

accelerate  this  process  in  a  remarkatile  reUeve  pain. 

degree.    The  same  eff^t  has  been  ob-        (186.)  Electricity  may  be  adrainis- 

served   in   the   bodies   of   persons    de-  terad  medicinally  in  four  different  ways, 

stroyed  liy  lightning      It  is  also  a  well-  The  first  and  most  gentle  is  under  the 

establishMl  fact,  that  the  ))k>oddoes  not  form  of  a  continued  stream,  or  aura  as  it 

coagulate  after  death  fh>m  this  cause.  is  termed,  derived  from  a  wire  or  pointed 

(184.)  It  has  not  been    determined  piece  of  wood  connected  with  the  prime 

with   any  degree   of  certainty,  whether  conductor  of  the  machine,  held  by  an 

electricity,  in  its  ordinary  mode  of  ap-  insulated  handle,  at  the  distance  of  one 

plication,  exerts  any  sensible  influence  ortwo  inches  from  that  part  to  which  it 

on  the  functions  of  the  animal  system,  is  to  be  lUrected  ;  an  impression  b  felt 

The   AlilM^   Nollet    persuaded  himself,  similar  to  a  current  of  air;  and  in  this 

(ram  the  experimeata  he  made  on  man  way  it  may  be  borne  by  parts  of  great 

and  animals,  that  the  perspiration  was  sensibility,   such  as  the  eye.     The  se- 

increased  during  the   time    they  were  cond  mode  is   by  directing  sparks   of 

electrified  ;  and  De  Boxes  had  noticed  various  sizes  to   the  affected  part,  by 

that  the  pulse  was  quickened  under  the  means  of  a  metallic  ball  at  the  extremity 

same  circumstance.     But  Van  Marum,  of  abrassrod,  whicliis  withiaamoderate 

on  repeating  these  experiments    in  a  distance  from  the  part ;  or  else  by  plac* 

variety  of  ways,  met  with  such  variable  ing  the  patient  on  an  insulating  stool, 

and  contradictory  results,  that  he  could  and  while  he  is  in  communication  with 

deduce  ft-om  them  no  satisfactory  con-  the  prime  conductor  of  the  machme, 

elusion  respecting  the  real  operation  of  taking  sparks  from  him  by  another  per- 

electricity ;  and,  indeed,  if  we  take  into  son  with  a  metallic  ball  at  the  end  of  a 

account  the  powerful  influence  which  rod  which  he  holds  in  his  hand.    The 

the  imagination  exerts  on  most  persons  size  and  inlensity  of  the  spark  will,  of 

who  are  the  subjects  of  such  experi*  course,  be  regulated  by  the  distance  at 

menis,  as  well  as  on  those  who  witness  which    the    ball    is    placed  fram  the 

them,  there  appears  but  little  chance,  bodv,  provided  the  machine  be  steadily 

amidst  such  multiplied  sources  of  fal-  worked.    The  thiid  mode  is  that  by 

lacy,   of  arriving    at  the  ftiith.     The  shocks  from  the  discharge  of  a  Leyden 

only  ge,neral  fact,  perhaps,  which  ap.  phial,  which  is,  of  course,  the  most  ae- 

ptwi   to  be  estabhshed,  is   that  dec-  vere   and  pajndil  method  of  applying 

tricity  ads  as  a  stimulant  both  to  the  electricity.     Great  caution  is  requirea 

muscular  and  the  nervous  s^tems,  against  the  indiscriminate  application 

[186.)  When  the  energetic  effects  of  of  this  last  method,  which  is  not  wholly 
the  shock  from  the  Leyden  phial  were-  free  from  danger.  The  fourth  mode  is 
first  made  known,  the  most  sanguine  by  Galvanism,  hereailer  to  be  noticed, 
expectations  were  immediately  raised,  ,  ,  p_  ,  ,  „,  ^.  -.  „ 
that  electricity  would  prove  m  agent  *  '•  ^P*^  '^  EUxtnaty  upon  Ft^e- 
of  considerable  power  in  the  cure  of  tablet. 
diseases.  It  was  supposed  that  as  a  (187.)  It  has  also  been  imagined  that 
stimulant,  it  would  have  many  advau-  electricityactsasaBtimulus  tovegetable 
tsges  oyer  other  remedies ;  for  it  can  life ;  and  many  fanciful  projects  of  im- 
be  administered  in  various  degrees  of  provements  in  horticulture  by  the  aid 
intenaily,  which  may  be  regulated  with  of  artiflcial  electricity  have  been  enter- 
ftreat  exactness ;  and  its  application  tained.  It  is  needless,  however,  to  en- 
can  tie  directed  especially  to  the  organ  large  upon  these  «sionaiy  speculations, 
w«  wish  to  afl'ect,  and  can  be  limited  to  the  fallacy  of  which  has  been  sufficient^ 
that  organ,  so  aa  not  to  intarlere  with  ahown  by  Ibe  late  Dr.  Ingenhoui,  who. 
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upon  the  most  accur&le  inquiry,  found  feeble  electririly  exerts  no  perceptible 

thai  the  vei^atian  of  plants  was  in  no  influence  on  either  animal  or  vegttable 

sensible  degree  either  promoted  or  re-  life ;  but  when  transmitted  in  powerful 

tanled   by    common    electrici^.      The  shocks,  its  destructive  effects  are  siml- 

eiperimenls  of  Van  Marum,  nowever,  lar  to  those  which  are  produced  by 

in  which  be  found  that  electricity  in-  lighlning, 
creaned  the  evaporation  of  plants,  ap- 
pear to  be  entitled  to  some  confidence ;  Cb4Ptb«  XII. 

but  still  the  efiect  observed,  may,  as  he  Intlrummlt  adofittd  to  eoUeet  totak 
himself  remarks,  have  been  occasioned  Electricity. 

by  the  increased  current  of  air  from  the  (,9,  j  Betorb  we  proceed  to  consider 

parts  of  the  electrified  leaves.      His  ,he  developement  of  electricity  under 

obserrations  on  the  mfluence  (rf  elec-  various  drcumstances,  it  will  be  proper 

tricily  on  the  sensitive  plant.  (Afimoja  ,„  p^g  ^  description  of  several  instru- 

pudiea,)  deserve   also    to  be    noticed.  n,pn,,  ^.^jch  have   been  contrived  for 

The  mere  approach  of  an  electrified  ,i,e  purpose  of  collecting  and  exhibitinR 

conductor,  whether  charged  with  poai-  ^-eat  degrees  of  electricity,  that  would 

tive  or  negative  electncity.  produced  no  otherwise  escape  detection.    AU  these 

effect  upon  the  plant ;  but  when  sparks  instruments  derive   their   efficacy  from 

were  taken  from  it,  the  leaves  collapsed,  ihe  principle  of  electric  induction  ;  and 

just  aatbe^wouW  have  done  by  con-  ,heir  mode  of  operation  will  be  beit 

cussions  of  a  mechanical  nature,  and  in  understood  by  previously  directing  our 

Olher  respects  the  plant  underwent  no  attention  to  the  electrophorus. 
change.     Inthe  Hfdytarum  gyrant,  u         (jga.)    The   instrument    termed   the 

plant  remarkable  for  the  continual  ro-  Electrophone  was  invented  about  the 

tatory  motions  of  its  leaves,  electricity  year  1774  by  Professor  Volta,  a  name 

appeared  to  have  no  sensible  influence  which    is    associated   with   many   im- 

either  in  acceleraUng  or  retarding  these  puHant  discoveries  in  the  science  of 

movemen;^  etecfriraty.     It  conwsts  of  three  parfa: 

(188.)  Tbepassafteofshocksthrough  ,he  essential  part,  which  suppliw  the 
living  plants  immediately  destroys  the  eleclricity.  being  a  cake  of  some  electric 
vitality  m  the  parts  through  which  the  Bubstance,  (E.  Af.  39,1  such  &a  sulphur, 
■bock  has  been  sent  It  is.  indeed,  very  °^^  *^ 
easy  to  kill  plants  by  means  of  elec-  "g-  39. 
tricity.  A  very  small  shock,  according 
to  Cavallo,  sent  through  the  stem  of  a 
iMlsam,  is  sufficient  to  destroy  it.  A 
few  minutes  after  the  passage  of  the 
shock,  the  plant  droops,  the  leaves  and 
branches  become  flaccid,  and  its  life 
eeaaei.  A  small  Leyden  phial,  contain- 
ing six  or  eight  square  inches  of  coated 
surface,  is  generally  sufficient  for  this 
purpose,  which  may  even  be  effected  l>y  gum  lac,  sealing-wax,  pitch,  or  other 
means  of  strong  sparks  from  the  prime  resinous  composition;  this  is  melted 
conductor  of  a  large  electrical  machine,  on  a  conducting  plate  S,  called  tAa 
The  charge  by  which  these  destructive  lole,  which  is  formed  with  a  rim  to 
effects  are  produced,  is  probably  too  contain  it,  and  the  fluid  then  allowed 
inconsiderable  to  burst  the  vessels  of  to  congeal.  The  third  part  of  the  a]i- 
the  plant,  or  to  occasion  any  material  paratus  consists  of  a  circular  metallic 
deransement  of  its  organization ;  and,  plate  C,  provided  with  an  insulating 
accordingly,  it  is  not  found,  on  minute  handle  fixed  upon  its  upper  surface. 
examination  of  a  plant  thus  killed  by  Tills  is  called  Me  cover ;  and  is  some- 
electricity,  that  either  the  intemal  ves-  limes  made  of  wood,  covered  on  all 
pels  or  any  other  parts  have  sustained  sides  with  tin-foil  well  rounded  at  the 
powptible  injury.  edges  to  prevent  the  dispersion  of  elec- 

(189.)  It  appear^  from  tlie   experi-  tricity.    In  order  to  bring  the  apparatus 

roents  of  Mr.  Acliard,  that  the  fermen-  into  a  slate  of  activity,  the  surface  of 

tation  of  vegetable  matter  is  accelerated  the  cake  is  excited  by  friction  with  fur 

l^  electriintv.  or  flannel,  and  is  thus  rendered  n^a- 

(190.)  The  general  conclusion  de-  tivelv  dectrical.    The  cover,  held  by  its 

^^if^tiitt  frniT^  these  inQuiriea  isp  that  >F^jinlating  hflfi^l^,  jDUtft  now  be  placedf 
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on  the  cake  :  in  this  situation  it  does  received  from  the  substance  to  be  tried 
not  come  suffitiently  in  contact  with  by  the  first  plate,  acts  by  induction  on 
tlie  cake  to  receive  its  eleelricily,  but  tile  second  plate,  and  occasion?  it  to 
acquires  by  induction  an  opposite  state  acquire  the  opposite  electrical  state: 
«t  its  lower  surface,  and  a  similar  stale  this  latter  state  reacts  upon  the  first 
at  its  upper;  that  is,  the  cake  t>eing  plate,  increasing  its  capacity  for  the 
negative,  the  under  side  of  the  cover  electricity  which  it  had  first  received,  and 
will  be  positive,  and  the  tipper  side  tends  to  accumulate  a  lar^r  quantity 
negiilive.  If.  while  in  this  state,  the  in  it,  which  quantity  it  must  derive  from 
Upper  negative  surface  be  touched  with  the  substance  with  which  it  communi- 
the  finger,  or  with  any  other  cunduclor  cates.  This  mutual  action  and  reaction 
communicating  with  the  eartb,  a  spark  continues  till  an  equilibrium  >s  attained. 
will  pass  fi-om  the  latter  to  the  cover.  If  the  communication  between  the  sub- 
so  as  to  restore  the  electric  equilibrium;  stance  tried  and  the  first  ^>late  he 
the  rjuanti^  of  electricity  thus  supers  broken  ofF,  and  the  plate  thus  insukted 
added  bein^  retained  in  the  cover  by  l»  removed  from  the  conliguily  of  Ihe 
the  inductive  infiuence  of  the  cake,  second  plate,  theaccumulatcdelccbicity 
But  when  the  plate  is  raised,  provided  with  which  it  is  charged  will  become 
it  be  held  by  its  insulating  handle,  the  evident  upon  its  application  to  an  or- 
aclion  of  the  cake  being  withdrawn,  the  dinary  electroscope,  such  as  those  de- 
cover  is  found  to  be  charged  with  posi-  scribed  in  S  13  and  14, 
tive  electricity,  which  may  be  imparled  (19-1.)  Various  have  been  the  forms 
to  an  insulated  conductor,  or  to  a  given  to  the  condenser,  accorilinf:  to 
Leydenjar.  This  operation  maybe  re-  the  fancy  of  electricians,  wilbout  any 
peated  an  indefinite  numl>er  of  times,  change  in  the  principle  on  which  it 
since  the  electricity  of  the  cake  con-  acts.  In  generiU,  the  two  plates  arc 
tinues  unimpaired  during  the  process,  merely  separated  by  a  thin  stratum  of 
and  thus  may  a  charge  be  communi-  air.  Sometimes  their  surfaces  are 
cated  to  the  jar  of  an  intensity  equal  to  covered  with  a  non-conducting  vnmish, 
that  of  the  cover  of  the  electrophorua  which  prevents  any  communication  of 
when  raised.  The  instrument  has  tjeen  electricity  from  the  one  plate  to  the 
known,  indeed,  to  retain  its  power  un-  other,  while  it  allows  of  a  very  near  ap- 
diminished  for  months,  and  may  there-  proach  of  the  plates  to  each  other ;  but 
fore  be  regarded  as  a  sort  of  magazine  tliis  method  is  liable  to  objection,  Irom 
of  electricity.  It  is  obvious,  that  if  tlie  the  permanent  electricity  which  the 
cover  were  simply  placed  on  the  cake,  varnish  sometimes  contracts  by  friction, 
and  again  raised  without  previously  and  which  may  interfere  with  the  re- 
touching it,  it  would  then  exhibit  no  gular  operation  of  the  instrument.  One 
sign  of  eleclricity.  If  Ihe  sole  of  Ihe  of  the  most  convenient  forms  is  thai  of 
electrophorua  be  insulated,  a  spark  may  Ihe  condensing  elfctromefer,  (/§■.  4U,) 
be  obtained  from  it.  when  Ihe  cake  Pfg,  40. 
has  been  excited ;  and  if  while  placed 
on  the  cake  the  cover  be  touched  with 
the  finger,  and  at  the  same  time  the 
sole  t>e  touched  with  the  thumb,  a  sen- 
sible shock  will  be  felt  in  that  part  of 
the  hand. 

(193.)  Volta  is  also  the  inventor  of 
an  instrument  acting  on  the  same  prin- 
ciple as  llie  electrophorus,  and  which  he 
termed  the  condemn,  of  which  Ihe 
purpose  is  to  collect  a  weak  electricity, 

spread  over  a  large  surface,  into  a  body  in  which  the  first  plate  of  Ihe  condenser 

of  small  dimensions,  in  which  its  in-  A,  is  fixed  to  the  cap  of  Ihe  gold-leaf 

tensity  will  tie  proportionably  increased,  electroscope ;  the  second  plate  B,  which 


and  therefore  become  capable  of  being  communicates    by    a   chain    with    the 

examined.      A    small   metallic    plate,  ground,  being   moveable  round  ajoint 

connected  with  the  substance  of  which  C,    and  thus  capable  of  being  turned 

the  electricily  is  to  lie  determined,    is  back  and  removed  from  the  first  plate, 

brought  within  a  very  small  distance  of  so  as  to  allow  its  electricity  to  be  ma- 

uiother  plate  communicating  with  the  nifested  by  the  divergence  of  the  gold 

earth.    The  small  portion  of  electricity  leaves. 
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(195.)  The  instruments  called  Dou-  ous,  ret,  hy  t.  little  practice,  the  art 
bier*  are  so  contrived,  that  by  executing  rtadily  acquired,  ancf  the  whole  pron' 
certain  movEments.yery  small  quantities    need  not  occupy  a  minute.     Great 


of  electridty  communicated  to  a  part  must  be  taken  in  conducting  these  ex- 
of  the  apparatus  may  be  eontinually  perimenta,  not  to  excite  any  electricity 
doubled,  until  it  becomes  perceptible  by  the  friction  of  the  finger,  or  by  any 
by  an  electroscope.  The  first  invention  other  means,  in  the  varmshed  sides  of 
of  this  kind  was  that  of  Mr.  Bennet,  the  plates.  In  order  to  obviate  this 
which  consists  of  three  brass  plates,  source  of  error,  Cavallo  contrived  k 
whichwe  shall  call  A,  B,  and  C.  The  form  of  the  instrument,  that  enabled 
plate  A  has  an  insulating  handle  fixed  the  plates  to  be  brought  within  a  very 
m  its  centre,  while  the  plate  B  has  a  small  distance  of  one  another,  yet 
similar  handle  fixed  in  its  circumference,  without  actual  contact,  so  aa  to  enable 
The  under  aide  of  A,  and  both  side^  of  him  to  dispense  altogether  with  the  em- 
B  are  covered  with  varnish.  The  third  ployment  of  varnish.  But  notwilh- 
plate  C  is  also  of  brass,  and  is  only  standing  every  precaution  of  this  kind. 
Tarnished  on  its  upper  side,  the  lower  it  is  always  found  that  the  instrument  ex- 
side  communicating  with  the  gold-leaf  hibils  electricity  of  itself,  although  none 
electroscope,  The  body  whose  eleclri-  has  been  previously  communicated  to 
city  is  to  l>e  tried,  is  made  to  communi-  it :  so  that  its  indications  cannot  tie  at 
cale  with  the  under  side  of  the  plate  alt  depended  upon  for  the  detection  of 
C,  which  touches  the  electroscope,  very  minute  quantities  of  electricity.  It 
while  B  is  placed  upon  C,  and  then  is  unnecessary,  therefore,  to  descrilje  the 
touched  with  the  finger;  the  communi-  particular  mechanisms  invented  by  Dr. 
cation  with  the  electrified  body  is  then  Darwin,  and  improved  by  Nichdson, 
removed,  and  B  is  lifted  up  by  its  insu-  for  liringingthe  plates  into  the  requisite 
lating  handle.  A  is  then  placed,  by  positions,  and  effecting  in  succession 
means  of  its  handle,  upon  B  thus  ele-  the  necessary  contacts,  by  the  simple 
vated.  A  is  then  touched,  and,  after  rotation  of  a  winch,  aided  by  wheel- 
withdrawing  the  finger,  is  separated  work :  inatrumenls  which  have  gone  by 
fi'om  B.  In  this  process  B  acquires  an  the  names  of  the  mcmeabls,  or  Ttvolving 
electricity  contrary  to  that  of  C:  and  A  douMer,  and  the  rmilliplier  of  electn- 
an  electncity  contrary  to  that  of  B,  that  city,  and  which  are  now  supo^eded  in 
is,  the  same  as  that  of  C,  If  the  plate  practice  by  instruments  taon  sensible 
A,  thus  electrified,  be  next  applied  to  and  certain  in  their  operation, 
the  under  surface  of  C,  and  B  be  again 
applied  over  C,  and  touched  with  the  Chapter  XIII. 

SyX^ecSis^^l^edtolTc"  i^-'^S^W^^M^^^ 
aid  A,  and  thus  acquire,  by  induction;  "-f  Temperature  and  ^  Fbrni. 
nearly  double  the  quantity  which  it  had  (136.)  Tubrb  are  certfun  mineral  bo- 
done  in  the  first  operation.  The  con-  dies,  which,  from  being  in  a  neutral 
sequence  of  this  will  be  that  nearly  aU  state  at  ordinary  temperatures,  acquire 
the  free  electricities  of  A  and  C  will  be  eleclricity  simply  by  being  heated  or 
concentrated  in  C.  A  may  now  be  re-  cooled.  This  property  is  possessed  onlj 
moved,  and  after  withdrawing  the  finger  by  regularly  crystallised  minerals;  and 
from  B,  B  may  also  be  removed,  and  of  these  the  most  remarkable  is  the 
C  will  be  left  with  double  the  quantity  tourmnlin,  which  is  a  stone  of  consi- 
of  electricity  which  it  had  received  from  derable  hardness,  found  in  manj|  part* 
the  body  with  which  it  was  originally  of  the  world,  and  particularly  in  the 
made  to  communicate.  island  of  Ceylon.  The  Dutch,  who 
If  after  this  duplication  the  electricity  first  became  acquainted  with  it  in  that 
of  the  plate  C  be  still  too  feeble  to  be  island,  gave  it  the  appellation  of  A*- 
indicated  by  the  electroscope,  the  same  chentrikker,  from  its  property  of  attract- 
Eeries  of  operations  must  be  repeated  ing  ashes  when  it  is  thrown  into  the 
ten  or  even  twen^  times  ;  when  by  fire.  It  appears  from  the  researches  of 
doubling  it  every  time,  the  smallest  Dr.  Watson,  thai  its  attractive  proper- 
conceivable  quantity  of  electricity  must  ties  were  known  to  Theophrastus,  who 
at  last  be  rendered  sensible  ;  since,  at  describes  it  under  the  name  of  LyMat- 
the  end  of  the  twentieth  operation,  it  num.  Linnsus  has  termed  it  the  Xa- 
will  be  auKmented  more  than  5U0,0OO  pie  Eleelricus,  (Elecfric  stone.)  The 
times.  Although  the  frequent  repeti-  form  of  its  crystals  is  gena-ally  that  of 
tion  of  tbe  operations  (nay  appear  ledi-  a    nine-sided  prism,  to'miil&ted  lyrf.i 
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three-sided  pyramid  at  one  end,  aai  by  eryaUl  are  tnincoted,  that  ii,  cut  off  by 

a  six-sided  pvrttniid  at  the  other.     Le-  pknes,  while  the  rest  are  either  entire, 

meiy  noticed  its  electric  proiierties  in  or  are  replaced  by  more  than  one  plane, 

the  year  1717;  but  the  first   scientific  it  is  always  the  former  of  these  anglat 

examination    of  them    wa«    made    by  that  Itccome  positive,  and    the  latter 

^pinus  in  1756,  anil  published  in  the  negative. 

Memoirs  of  the  Berlin  Academy.  He  (19S.)  Similar  jffoperties  are  possess- 
found  that  when  a  crystal  of  tourmalin  ed  by  the  Topai,  which  consists  of 
has  its  temperature  raised  to  between  siliceous  fluate  of  alumina ;  its  eleclric 
100^  and  212'*  of  Fahrenheit,  one  ex-  poles  are  situated  upon  the  two  opposite 
tremity,  which  is  that  terminated  by  the  summits  of  the  secondnry  crystal.  In 
aix-sided  pyramid,  l>ecomes  chanred  some  varieties,  Hauy  found  a  series  of 
with  positive  electricity,  while  the  other  consecutive  pules  alternately  positive 
extremity  is  negative ;  so  at  to  be  capa-  and  negative.  Axinite,  Mesotype,  and 
ble  of  anecting  a  delicate  electroscope.  Prehnite,  become  electrical  by  the  ap- 
When  the  stone  is  of  considerable  size,  plication  of  heat:  as  also  the  two  fol- 
flashes  of  light  may  be  seen  along  its  lowing  metallic  oxides,  namely  Caia- 
turface.  Mr.  Wilson,  who  made  many  mine,  which  is  an  oxide  of  zmc,  and 
experiments  on  this  subject,  observed  Sphene,  or  calcareO' siliceous  oxide  of 
that  a  flat  tourmalin  retained  its  electri-  titanium.  Mr.  Dessaignei  has  lately 
city  without  diminution,  after  exposure  shown  that  all  metallic  bodies  are  capa- 
1o  intense  heat  for  half  an  hour ;  but  ble  of  a  feeble  electric  excitation  by 
Canton,  upon  repeating  these  experi-  changes  of  temperature.  It  results 
ments,  did  not  obtain  the  same  result,  from  the  researches  of  Hauy,  that  this 
Hauy  states,  that  very  hi^h  degrees  electrical  property  in  mineral  bodies  is 
of  heat  destroy  the  electricity  of  the  intimately  related  to  the  laws  of  their 
tourmalin.  After  this  has  been  effected,  crystalliiation,  and  also  to  the  direction 
it  recovers  its  electricity  as  it  gradually  in  which  the  light  is  mo«t  readily  trans- 
ouols:  but  in  that  case  the  elecbic  stat^  mitted  through  them, 
are  generally  reversed ;  that  extremity,  (1 99.)  There  are  a  great  many  sub- 
or  pole,  ni  it  has  been  called,  which  stances  which  become  electrified  on 
was  before  positive,  is  now  negative,  passing  Irom  the  liquid  to  tlie  solid 
and  vice  eerrf.  It  is  only  at  the  sum-  form.  This  happens  to  sulphur,  gum 
mits  of  the  pyramids,  by  which  the  lac,  bee's  wax,  and  in  general  all  nai- 
cryslal  is  terminated,  that  the  electricity  nous  bodies.  Unless  proper  pr«cautionB 
is  manifested ;  the  intermediate  por-  be  taken,  however,  we  freauently  obtain 
tions  exhibiting  no  sign  of  electrical  ex-  no  indications  of  this  electricity,  because 
citation,  unless  the  stone  be  broken  in  it  is  usually  disguued,  that  is,  rendered 
pieces;  and  then  each  fragment  is  inactive  by  the  opposite  eiectricity  of 
found  to  possess  a  positive  and  a  nega-  the  contiguous  suDstances.  Thus,  if 
tive  pole,  like  (he  entire  crystal.  Iliis  sulphur  be  melted  over  the  fire  in  an 
fact  bears  a  striking  analogy  to  a  cor-  iron  ladle,  and  then  set  by  to  cool  and 
responding  property  in  magnets.  At  hanlefi,  it  exhibits  no  sign  of  electricity ; 
the  ordinary  temperature  of  the  atrao-  because  the  n^ative  dectricity  of  the 
sphere,  the  tourmalin  may  be  rendered  sulphur  is  exactly  countcrbalamied  by 
electrical  l>y  friction.  the  positive  electricity  accumulated  in 
(197.)  There  are  several  other  genu  the  iron  vessel  which  contains  it.  But 
and  crystaUiied  minerals  which  possess  if  the  sulphur  be  removed  from  the 
the  same  property  as  the  tourmalin,  vessel,  which  may  be  done  by  again 
Ttie  luminous  appearance  of  some  dia-  heating  it  for  a  short  time,  so  as  just 
monds,  when  heated,  is  ascribed  by  to  melt  the  surface  in  contact  with  the 
Sir  Humphry  Davy  to  their  electrical  iron,  and  allow  of  its  being  deUched 
excitation.  The  substance  called  the  when  the  ladle  is  inverted,  on  suffering 
Baracite,  composed  of  borate  of  mag-  the  sulphur  to  cool  in  this  situation,  its 
nesia,  which  crystalliies  in  cubes,  having  electricity  becomes  very  apparent  If 
its  edges  and  angles  defective,  becomes  sulphur  be  melted  in  a  wine  glass,  the 
electrical  by  heat,  and  in  one  variety  conical  shape  of  which  admits  of  its 
presents  no  less  than  eight  sides,  alter-  being  taken  out  when  cold,  the  opposite 
naleiy  in  different  states;  that  is,  four  electricities  of  the  two  surfaces  will  then 
positive  and  four  negative;  the  oppo-  manifest  themselves,  that  of  the  sulphur 
site  poles  being  in  the  direotioa  of  the  l>eing  negative,  and  that  of  the  glass 
axe*  of  the  o™tal.  In  those  varieties  positive;  but  when  the  aulphuris  re- 
in which  only  four  of  the  angles  of  the  placed  in  the  glaw,  all  ipniMitiimT  of 
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ekdtidtjr  diiiappear.  Tfi£  electridty  hot  iron,  the  elcctriaty  was  very  Btron^r 
developed  by  the  process  of  coolinf;  was  positive.  "Diis  difference  in  the  result 
called  by  Wilhe,  who  first  observed  if,  was  probably  owing  to  the  chemies!  de- 
iponlaneous  eleclridly,  m  eon\rtidMnc'  composition  of  the  water  in  the  latter 
tion  to  that  which,  oriKinatini;  from  experiment,  a  circumslance  which,  as 
friction,  he  called  excited  electricity,  we  shall  presently  see,  is  itself  a  source 
Van  Marum,  however,  attributes  the  of  electricily.  It  is  principally  on  ac- 
electricity  developed  by  the  ^paration  count  of  the  interference  of  chemical 
of  the  two  sututitnces,  to  a  species  of  actions  with  the  reirular  operations  of 
friction;  for  he  remarks,  that  the  electri-  temperature,  and  of  the  complicaliona 
city  does  not  manifest  itself  till  the  sul-  introduced  by  electric  induction,  that 
phur  be^ns  to  contract  in  the  act  of  con-  experiments  on  this  sutject  have  hither- 
gelation,  and  that  it  attains  its  maximuni  to  presented  such  anomalous,  and,  «pg*r- 
at  the  point  of  the  greatest  contraction.  renUy,  discordant  resultt. 

(200.)    It   is  reasonable   to   suppose 

that  whatever  change  was  produced  in  rn.M-       Ynr 

the  electrical  state  by  congelation,  the  i^hapter  ii.iv. 

reverse  would  be  produced  by  Uquefeo  Dttuiopementof  Eleclncity  by  Contaef, 

ton.     We  "e  not   aware   of  any  ex-  ComprexHim,  and  ol/ter  mechanic^ 

penments  which  bear  direcUy  upon  tha  Change*  in  Bodies,  and  abo  bu  their 

question.  Che^cal  Action. 

(BOl.)  The  conversion  of  bodies  mto 
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the  state  of  vapour,  as  well  as  the  con-  (203.)    It  had    long  been  suspected, 

densation  of  vapour,  is  generally  attend-  rather  than  proved,  that  a  feeble  degree 

ed  by  some  alteration  of  their  electrical  of  electricity  is  evolved  by  the  contact 

condition;   and  the  bodies  in  contact  or  collision  of  different  metaJs;  but  this 

with  the  vapour  are  thereby  rendered  important  &ct  was  established  in  tiie 

electrical    Thus,  if   a  plate  of  metal  clearest  manner  by  Volts,  about  the  year 

strongly  heated  be  placed  upon  a  gold-  1801'    The  apparatus  he  employed  in 

leaf  electroscope,  and  water  be  dropped  his  investigations  on  this  subject  COD- 

upon  the  plate,  at  the  moment  the  va-  sisted  of  two  discs,  the  one  of  line,  the 

poor  rises  the  leaves  of  the  electroscope  -Jtberof  copper,  (fig.il,)  rather  more 
diverge  with  negative  electrici^.    The 

seneral  fact  was  noticed  by  latpiMX,  fig.  41, 

Lavoisier,  and  Volta,  in  the  vear  I7B1 ; 
and  was  founil  to  extend  botn  to  solida 
and  to  liquids  paaiing  into  a  gaseous 
form.  De  Sauaaure  made  an  extensive 
aeries  of  experiments  on  the  ebulhtion 
of  water  and  other  fluids,  with  a  view 
to  ascertain  the  degree  and  kind  of  eJec- 

trieity  developed  during  this  process,  than  two  inches  in  diameter,  ground 

But  mvestigations  of  this  kind  are  at-  perfectly  plane,  and  having  in  theircen- 

tended  with  great  difficulty,  from  the  tres  insulating  handles  perpendicular  to 

multitudeofmmutecircumstanceswhich  their  surfaces,  by  means  of  wliich  the 

are  liable  to  aflect  the  results  ;  and  we  plates  could  be  brought  into  contact, 

accordingly  find,  that  different  experi-  without  being  actually  touched  with  the 

ments  of  the  same  kind  often  afford  the  hand.     With  this  precaution  the  disc* 

most  opposite  conciusions.  were  made  to  approach  till  they  touched 

(202.)  In  general  it  is  foimd,  that  the  one  another ;  they  were  then  separated, 

vaporiialion  of  water  by  simple  ebuUi-  by  keeping  them  parallel  as  Ihey  were 

tion  produces  negative  electricity  in  the  drawn  b^.     The  electricity  they  pos- 

remaining  fluid,  or  vessel  which  con-  sessed  after  this  separation  was  then 

tains  it:  the  vapour  itself  being  positive,  examined  by  means  of  the  condenser ; 

On  the  contrary,  when  aqueous  vapour  and,  that  the  effects  might  be  rendered 

is  condensed  into  water,  it  becomes  ne-  more  dislinot,  the  electricity  produced 

gative.  leaving  (he  bodies  with  which  it  by  a  number  of  successive  contacts, 

iras  last  in  contact  in  a  state  of  positive  (taking  care  tu  restore  the  discs  to  the 

electricity.    Yet  in  some  of  De  Sans-  neutral  state  after  each  contact,)  was 

surea's  experiments,  when  the  heat  was  accumulated  in  the  same  condenser.    It 

communicated  to  a  quantity  of  water  was  conslantlv  found  that  the  copper 

contained  in  an  insulated  metallic  ves-  diic  chajged  the  condenser  with  nega- 

■d,  by  throwing  into  it  a  imsss  of  red-  tive,  and  the  line  disc  inthponttT«atoiw| 
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Iricity.    Thus  it  wu  enUblished  aa  &  many  other  Bubslances,  such  as  cork, 

general  fact,  that  these  two  metals,  m-  bark,  hairs,  paper,  and  wood,  possess 

sulated,  and  in  their  natural  stale,  are  the  properly  of  producing  electricity  by 

brouchl,  by  mutual  contact,  into  oppo-  compression. 

sile  electrical  states ;  the  zinc  acquinn^  (206.)  Many  substances,  when  re- 
poaitive  electricity,  and  the  copper  be  duced  to  powder,  exhibit  electricity,  if 
coming,  in  an  equal  degree,  negative.  they  are  made  to  fall  upon  an  insulated 
<204,)  No  explanation  hns  yet  been  metallic  jiaXe.  This  fact  was  first  no- 
given  of  this  curious  fact,  which  seems  ticed  by  Mr.  JJennet,  after  he  had  in- 
to be  at  variance  with  all  the  previously  vented  his  gold-leaf  electroscope.  He 
ascertained  laws  of  electric  equilibrium,  found  that  powdered  chalb,  put  into  a 
liie  transfer  of  eleclricily  from  one  me-  pair  of  bellows,  and  blown  upon  the  cap 
tal  to  the  other  during  their  contact,  im-  of  the  eiectroscope,  communicates  to  the 
plies  the  operation  of  some  new  force  instrument  positive  electricity,  when  the 
which  no  theory  has  yet  embraced,  pipe  ot  Ihe  uellows  is  atwut  six  inches 
While  Ihe  contact  is  preserved,  ntilher  from  Ihe  cap ;  but  Ihe  same  stream  ot 
of  the  metala  gives  any  indicalion  of  its  powdered  chalk  electrifies  it  negatively 
electrical  state,  the  electricity  being  dis-  at  the  distance  of  three  feet.     On  ban^ 

SUed;  as  would  be  the  case  of  that  of  blown  in  a  more  copious  stream  from  a 

!  coatings  of  a  Leyden  jar,  ifwe  could  pair  of  bellows  without  the  pipe,  the 

suppose  them  both  in  actual  contact,  electricity  is  always  negative ;  and  the 

bwit  yet  incapable  of  allowing  any  Iraua-  same  efStect  takes  place  when  the  powder 

fer  of  the  electricity  Irom  the  one  to  the  is  let  fall  from  another  plate  upon  the 

other,  BO  as  to  restore  both  to  the  state  cap  of  the  instrument.  This  subject  was 

of  neutrality.  pursued  by  Cavallo ;  but  the  most  com- 

We  shall  have  occasion  to  resume  tlie  plel«  set  of  experiments  relating  to  it  is 

consideration  of  tliis  curious  subject  in  that  of  Singer,  who  employed  in  his  re- 

the    treatise   on    Galvanism,   with   the  searches   the   two   following  mettiods  : 

theory  of  which  it  appears  to  have  an  first,  that  of  sifting  the  powders  on  the 

intimate  relation.  cap  of  a  ^eUcale  electrometer  through  a 

(205.)  There  are  some  bodies  which  fine  sieve,  which  was  thoroughly  cleaned 

are  rendered  electrical  by  pressure.  Tiiis  after  each  opeiiit ion ;  and  secondly,  that 

property  is  possessed  m  the  most  re-  ot  bringing  an   insulated  copper  plate 

markable  degree   by    that  transparent  reptiatediy  in  contact  with  extensive  sur- 

Tariety  of  carbonate  of  lime  which  is  faces  of  the  powders  spread  on  a  dry 

known  by  Ihe  name  of  Icelatad  tpar.  sheet  of  paper ;  the  copper  plate  being 

According  to  Hauy,  if  a  cryalal  of  this  brought  in  contact  witn  the  condenser 

apar,whiui  has  Ihe  form  of  a  rhomboid,  after  every  repetition  of  the   contact, 

be  held  in  one  hand  bv  two  of  its  oppo-  until  a  sufficient  chai^  was  communi- 

site  edges,  and  if  at  me  same  time  two  cated. 

of  its  parallel  planes  be  lightly  touched         (2U7.)  The  following  substances,  ac- 

by  two  fingers  of  the  other  hand,  and  cording    to   Singer,   produce    n^ative 

then  brought  near  to  the  small  needle  of  electricity  when  silled  on  tlie  cap  oi  the 

theetectroscope,($  12)  adecidedatfrac-  electrometer:    viz.  copper,  iron,  zinc, 

tion  will  be  perceptible.     By  applying  a  tin,  bismuth,   antimony,  nickel,   black 

more  powerful  pressure,  the  electrical  lead,  lune,  magnesia,  barytes,  sironlites. 

effects  will  be  still  more  considerable ;  alumine,  silex,  brown  oxide  of  copper, 

the  electricity  t>eing  in  all  cases  positive,  white  oxide  of  arsenic,  red  oxide  of  lead, 

Hauy  observes  thiU  this  property  resides  litharge,  wliile  lead,  red  oxide  of  iron, 

principally  in  those  crystatlme  minerals  acetate  of  copper,  sulphate  of  copper, 

that  are  capable  of  being  reduced  bv  sulphate  of  soda,  pliusphale  of  soda, 

mechanical  division  to  plane  and  smootn  carbonate  of  soda,  carbonate   of  am- 

tnminie:  such  as  the  Topaz,  especially  monia,  carbonate  of  potash,  carbonate 

the  otlourless  variety  ;    Euclase,  Arra-  of  lime,  muriate  of  ammonia,  common 

gonite,  Fluate  of  lime,  and  Carbonate  of  pearl-ashes,  boracic  acid,  tartaric  acid, 

lead.  Among  those  substances  in  which  cream  of  tartar,  oxymuriate  of  potash, 

friction  excites  n^ative  electricity ,  theie  pure  potash,  pure  soda,  resin  sulphur 

are  some  which  require    only  to    be  sulphuret  of  hme,  starch,  orpiioent. 
pressed,  tor  the  production  of  the  same        (20B-)  The  following  substances  pro- 

effect.     An  instance   occurs  in   elastic  duce  positive  electricity  under  the  same 

bitumen,  when  it  hai  been  cjt  into  a  circumstance;    viz.  wheat   flour,   oat- 

S-oner  shupe  for  Ihe  experiment     Mr.  meal,   lycopodium,   quassia,   powdeicd 

ccquerel  has  lately  discovered   that  cardamom,  charcoal,  sulphate  of  potash. 
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nitrate  of  potash,  acetate  of  lead,  oxide  stances  that  Mt  distinctly  upon  each 

gft;n_  other  electrically,  are  likewise  such  as 

f209.)  The   following  catalonue   px-  acl    ohemicaJly,   when    their   particles   . 

hibits  the  reaulls  of  the  experiments  of  have  freedom   of  motion;    this   is  the 

contact  with  a  copper  plate  ;  Ihe  dif-  case  with  the  different  metaJs,  with  sul- 

ferent  suhstances  being  arranged  under  phur  and  the  metals,  with  acid  and 

the  head  of  the  eleclricily  they  really  alkaline  substances.     Of  two  metals  in 

acqiure,  which  is  coBtrary  to  that  of  the  contact,  Ihe  one  which  has  the  greatest 

copper  plate.    Potitive:  lime,  baiytes,  chemical  attraction  for  oxygen  acquires 

Btrantites,  magnesia,  pure  soda,  pure  positive  electricity,  and  the  other  Ihe 

potash,  common  pearl-ashes,  carbonate  negative  :   so  that  if  arranged  in  tl» 

of  potash,  carbonate  of  soda,  tartaric  order  of  their  oxidability,  as   follows. 

acid.    Negative :  benioic  acid,  boracic  line,  iron,  tin,  lead,  copper,  silver,  gold, 

add.    oxalic    acid,    citric    acid,   silex,  ulatina.  each  will  become  positive  when 

alumina.  cari)onate  of  ammonia,  sul-  brought  into  contact  with  any  that  fol- 

phiu-,  resin.    These  experiments  were  low  it  in  the  series,  and  negative  wilh 

several  times    repeated  with  uniform  any  of  those  which  precede  it.    In  con- 

fgs,,{tg_  tacts  of  acids  with  bases,  as  of  crystals 

(210.)  The  above  mode  of  electrical  of  oxalic  acid  wilh  dry  quicklime,  tha 

excitation  is  probably  merely  a  species  former  is  negative,  the  latter  positive. 

offriction.  differing  only  from  the  more  All   acid  crystals  when  touched  by  a. 

ordinary  instances  by  the  mode  of  its  plate  of  metal  render  it  positive,  the 

application.    But  in   other  cases  the  crysUls  themselves  becoming  negative, 
efcctrical  effects  of  contact  are  more        (213.)  Bodies  that  exhibit  electrical 

distinctly  exhibited,  as  when  linc  filings  effects  by  mutual  contact,  previous  to 

are  poured  through  holes  in  a  plate  of  their  chemical  action  on  each  other, 

fiopper,  upon   the   cap   of  an   electro-  lose   this    power   during   combination. 

meter.  Thus  if  a  poUshed  plate  of  linc  t>e  made 

(211.)    The    following    experiment,  to  touch  a  surface  of  dry  mercury,  and 

founded  on  one  devised  by  Professor  quickly  separated,  it  is  Inund  positively 

Lichfenber*  of  Gottingen,  is  an  elegant  electrical,  and  the  effect  is  increased  liy 

illustration  of  the  opposite  electrical  heat ;  but  if  it  be  so  heated  as  to  araal- 

states  of  different  powders.    With  the  gamate,  that  is,  unite  chemically  with 

knob  of  a  chai^  jar,  trace  on  the  the  mercury,  it  no  longer  exhibits  any 

surface  of  a  smooth  plate  of  glass,  or  of  signs  of  electricity.    The  case  is  analo- 

any  resinous  substance,  various  hnes  at  pons  with   copper   and   sulphur ;    and 

pleasure-    and   then   repeat   the   same  iron,  when  applied  to  mercury,  produces 

operation  in  other  parts  with  the  knob  more   electricity  than  line,  apparently 

of    a    jar  chai^  wilh    the   opposite  from  its  being  incapable,  under  ordinary 

electricity     Let  the  surface  thus  pre-  circumstances,  of  forming  a.  cliemical 

pared  be  gently  dusted,  by  means  of  a  combination  with  mercury, 
powder-pulf,  vrith  a  mixture   of  pow-         (214.)  On  the  other  hand,  there  can 

dered  sulphur  and  red  lead,,  previously  be  no  question  that  electricity  is  oc- 

triturated  together  in  a  mortar.     By  the  casionally,   if  not   umversaUy,   elicited 

contact  and  friction  thus  produced,  the  during  chemical  action.    We  have  just 

sulphur   has   been   rendered    negative,  seen  that  a  dry  acid  becomes  negative 

anddtered  lead  posiUve;  and  each  of  by  contact  with  a  metal,  which  is  con- 

Ihe  powders,  when  projected  on  the  sequently  thereby  rendered  positivi 


electrified  lines,  forming  a  series  of  red  taken  place.     ButBecquerelhas 

and  yeUow  outlines.     It  is  also  observ-  that  if  the  acid,  instead  of  being  in  a 

able,  that  the   configurations   assumed  dry  crystalline  form,  be  in  a  Uquid  state, 

by  these  and  other  powders  difi'er  ac-  and  capable  of  acting  chemically  on  the 

cording  to  Ihe  species  of  electricity  im-  metal,  the  acid  will  become  positive  and 

pressed  upon  the  plate  ;  positive  elec-  the  metal  negative.     The  same  conclu- 

tricily  producing  an  appearance  resem-  sion    may  also  be  deduced  from  the 

bling  feathers,  and  negative  electricity  experiments  of  Lavoisier  and  laplac«, 

an  arrangement  more  iike  stars.  on  the  action  of  dUute  sulphuric  acid 

(212.)  The  most  important  circiim-  on  iron  filings.    That  the  oxidaUon  of 

stance  in  this  inquiry,  is  the  connection  metals  gives  nse  to  electricity  has  been 

between    electricity  and  Ihe  chemical  also  shown  by  the  experiments  of  Dr. 

properties  of  matter.    It  is  observed  by  Wollaston,  from  which  it  would  appear 

Bir  H   Davy,  that  most  of  the  sub-  that  the  electridty  obtained  in  thfl[wV~ 


tnon  •lechrical  inKchine  is  derived  prin-  nme  ttiat  eledriclty  il  essentiallj  con- 

cipall;  irom   this    source.    When  he  cemed  in  the  processes  that  are  carried 

employed  as  (he  rubbing  substance  an  on  in  the  living  system  both  of  animals 

amalgam  of  silver  or  of  platina,  which  and  vegetables.    In  the  animal  econoraj 

are  metals  very  little  subject  to  oxida  more  particularly,  the  operation  of  Ihif 

tion,  he  could  obtain  no  electriciW.  An  agent  is  indicated  in  the  processes  of 

amiilgam  of  tin,  on  the  other  hand,  sup-  secretion,  in  the  actions  of  the  muscles 

plied  a  laTg«   quantity  of  electrici^.  and  nerves,  and  probably,  indeed,  in  all 

Zine  acts  still  better  than  tin;  but  the  the  vital  functions.     There  are  several 

best  amalgam  for  this  purpose  is  made  kinds  of  fish,  which  are  endowed  with 

with  both  tin  and  line,  a  mixture  which  the  power  of  accumulating  large  quan- 

oxidates  more  readily  than  either  metal  tities  of  electricity,  which  Ihey  can  dis- 

separately.    As  a  further  trial  whether  chai^  at  pleasure  tlirou^h  conducting 

oxidation  assists  in  the  production  of  bodies  that  come  in  contact  with  them, 

electricity,   a   small  cylinder  with    its  and  thus  communicate  powerful  shocks, 

cushion  and  conductor  was  arranged  in  This  power  is  possesswl  in  an  eminent 

a  vessel  so  contrived  that  the  contained  degree  by  the  torpedo,  which  is  a  species 

air  could  be  changed  at  pleasure.  After  of  ray  ;  but  it  is  also  met  with  in  the 

ascertaining  the  degree  of  excitement  Grymnotus  eiectricus,  IheSilurus  electri- 

produced  in  atmospheric  air,  carbonic  cua,  the    Trichinrus  -  indiciis,  and   the 

acid  was  substituted,  init  the  excitement  Tetraodon   eiectricus.     But   as  Ibis,  as 

could  not  be  renewed ;  while  it  was  im-  well  as  other  subjects  relating  to  animal 

roedialdyreproducedonthereadmission  electricity,  involve  considerations  which 

of  common  air.     It  must  be  acknow-  properly  belong  to  Galvanism,  we  must 

ledged,  however,  that  Sir  H.  Davy,  in  """"""  •--'--  -  -"  " --'  "---  ■- *- 

repeating  these  experiments,  arrived  at 

opposite  results ;  for  he  states,  that  the 

machine  acted  equally  well  in  hydrogen  Chaptks  XV 

jras  as  in  atmospheric  air,  and  was  even  uj    ,  ■  ■,.     t  ,i     i,„  „i._ 

Sore  active  in  earbonic  (^cid  gas,  a  cir-  EUctr^cty  iff  ike  Atmosphere. 

cumstance  which  he  attributes  to  the  (21?.)   As  the  subject  of  atmospheric 

greater  density  of  (his  gas.  electricity  is  more  especially  a  branch  of 

(815.)  Electricity  is  often  developed  the  science  of  Meteorology,  we  shall  con- 
by  processes  quite  independent  of  che .  tent  ourselves,  in  this  place,  with  a  very 
mical  changes.  This  is  evident  fi-om  lit  brief  outline  of  tlie  principal  facta  relal- 
production  Dythe  friction  of  two  bodies  ingto  it. 

of  the  same  kind  upon  one  another,'       (21S.)  The  atmosphere  is  vay  gene- 

as  has  been  already  noticed,  ($  39  p  and  rally  in  an  electrical  state.    Tlus  may  be 

also  by  the  strong  eleotridty  which  is  ascertained  by  employing  a  metallic  rod 

manifested   on   the   separation   of  the  elevaledtosomeheightabovetheground, 

parts  of  the  same  body.    Thus,  if  a  and  communicating  at  its  lower  end, 

piece  of  dry  and  warm  wood  be  suddenly  which  should  be  insulated,  with  an  elec- 

rent  asunder,  the  two  surfiices  which  troscope.    In  order  to  collect  the  eleo- 

have   separated  are  tbund  to  tie  elec-  tricily  of  the  higher  regions  of  (he  air,  a 

trifled,   the   one   positively,   the   other  kite  may  be  raised,  in  the  strii^  of  which 

negatively;  and  a  flash  oi  light  is  per-  a  slender  metallic  wire  should  be  inter- 

ceived  if  the  experiment  be  made  in  the  woven,  so  as  to  conduct  the  electricity, 

dark.    The  same  phenomenon  is  ob-  If  the  electroscope  be  sufficiently  sensi- 

served  when  the  plates  of  mica  (Mus-  ble  it  will  usually  mdicate  the  prevalence 

covy  glass)  are  suddenly  torn  aiunder ;  of  positive  electricity  in  the  atmosphere, 

and  even  when  a  stick  of  sealing-wax  is  the  intensity  of  which  increases  aocord- 

broken   across  ;    the  two    surfaces   of  mg  as  the  stratum  examined   is  more 

fracture  being  in  each  case  positive  and  elevated.    ,ln  the  ordinary  slate  of  the 

negative   respectively.     Dr.    Brewster  atmosphere  its  electricity  is  invariably 

discovered  that  the  fracture  of  (he  un-  found  to  be  positive :  and  is  stronger  in 

annealed  glass  tears,  called  Prince  flu-  winter  than  m  summer ;  and  during  the 

perfi  drops,  was  attended  with  the  evo-  day  than  the  night.    From  the  time  of 

lution  of  electrical  light,  which  pervaded  sunrise  it   increases  for   two  or  three 

the  whole  drop,  so  that  its  form  was  hours,  and  then  decreases  towards  the 

distinctly  visible  in  the  dark.    Tlie  light  middle  of  the  day,  being  generally  weak 

appears  even  when  the  experiment  is  est  lietween  noon  and  four  o'clock.    A* 

made  under  water.  the  sun  det^ea  its  intensity  is  again 

(sil6.)  There  is  every  reason  to  |ir»-  Migmented,  tUl  abovX  tlu  time  of  am- 
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•et,  ftfler  «hid\  it  diniinishes,  and  con-  bristling  np  of  «ome  IooM~  flbrei  on  the 
tinue»  feeble  during  the  night<  In  cloudy  hempen  cord ;  he  immediately  presented 
weather  the  electrical  state  is  much  more  his  knuckle  to  the  key,  and  received  an 
uncertain ;  and  when  there  are  several  electric  spark.  Overcome  with  the  emo- 
strata  of  clouds,  moving  in  different  tion  in.spired  by  this  decisive  evidence  of 
directions,  it  is  subject  to  great  and  the  great  discovery  he  had  achieved,  he 
rapid  variations,  chanccing  sometimes  heaved  a  deep  sie;ri,  and  conscious  of  an 
from  positive  to  n^atlve,  and  back  immortal  name,  felt  that  he  could  have 
again,  in  the  course  of  a  few  minutes.  t>een  content  if  that  moment  had  been 
On  the  first  appearance  of  fog,  rain,  his  last  The  rain  now  fell  in  torrents, 
snow,  hail,  or  sleet,  the  electricity  of  the  and  netting  the  string,  rendered  it  con- 
air  Is  generally  negative,  and  often  ducting  in  its  whole  length ;  so  that 
highly  so ;  but  it  afterwards  undeigoes  electric  sparks  were  now  coltoed  from 
frequent  transitions  to  opposite  states,  it  in  great  abundance. 
On  the  approach  of  a  tlmnder- storm  It  should  t>e  noticed,  however,  that 
these  alternations  of  theelectric  condition  ^xiut  a  month  before  Fraiklin  had  made 
of  the  air  succeed  one  another  with  re-  these  successful  trials,  some  philoso- 
tnarkable  rapidity.  Strong  sparks  are  pliers,  in  particular  Dalibard  and  De 
■enl  out,  in  great  abundance,  from  the  l^rs,  had  obtuned  similar  results  in 
conductor;  andit  becomes  dant^eroiLS to  ^ance,  by  following  the  plan  reoom- 
prosecute  experiments  with  it  m  its  in-  mended  by  Franklin.  But  the  ^lory  of 
■ulated  state.  the  discovery  is  universally  given  to 
(1219.)  ITie  analogy  between  the  elec-  Franklin,  as  it  was  from  his  su^stiani 
trie  spark,  and  more  especially  of  tho  that  the  methods  of  attaining  it  VOf 
explosive  discharge  of  the  Leyden  jar,  originally  derived, 
with  atmospheric  lightning  and  thnnijer,  (220.)  This  important  discovery  waa 
is  too  obvious  to  have  escaped  notice,  prosecuted  with  great  ardour  by  ph3o- 
even  in  the  early  periods  of  electrical  lophers  in  every  part  of  Europe.  Tlia 
research.  It  had  been  observed  by  Dr.  first  experiment's  incurred  consider- 
Wall  and  by  Gray,  and  stiU  more  point-  able  risk  in  their  attempts' to  drawdown 
ediy  remarked  by  the  Abt>£  NoUet.  Dr.  electricity  firom  the  clouds,  as  was  soon 
Franklin  was  so  impressed  with  the  proved  by  the  fatal  catastix>phe,  which, 
many  points  of  resemblance  between  on  the  6th  of  •August,  1793,  befel 
lightning  and  electricity,  that  he  was  Professor  Richman,  of  Petersbm^, 
convinced  of  their  identity,  and  deter'  whose  name  has  already  been  before  us, 
mined  to  ascertain  by  direct  experiment  ($  123.)  He  had  constructed  an  appa- 
the  truth  of  his  bold  conjecture.  A  ratua  for  obseiTations  on  atmospherical 
spire  which  was  erecting  at  Philadel  electricity,  and  was  attending  a  meeting 
phia  he  conodved  mieht  assist  him  in  of  the  Academy  of  Sciences,  when  the 
tlus  inquby  ;  but,  whue  waiting  for  its  sound  of  distant  thunder  caught  his  ear. 
completion,  the  si^ht  of  a  boy's  kite,  lie  immediately  hastened  home,  tailing 
whicn  had  been  raised  tor  amusement,  with  him  his  engraver,  Sokolow,  in 
immediately  suggested  to  him  a  more  order  that  I'.c  might  delineate  the  ap- 
ready  method  of  attaining  his  ohjeot.  pearances  that  should  present  them' 
Havmg  constructed  a  kite  by  stretching  selves.  While  intent  upon  examining 
» large  silk  handkerchief  over  two  sticks  the  electrometer,  a  large  globe  of  fire 
in  the  form  of  a  cross,  on  the  first  aif-  flashed  from  the  eondu^ng  rod.  which 
peanmc£  of  an  approaching  storm,  m  was  insulated,  to  the  head  of  Richman, 
June  J7S2,  he  went  out  into  a  field,  and  passing  through  his  body,  instantly 
accompanied  by  his  son,  to  whom  alone  deprived  him  of  life.  A  red  spot  was 
he  hao  imparted  his  design.  Having  found  on  his  forehead,  where  tne  elec- 
raised  his  kite,  and  attached  a  key  to  the  triciiy  had  entered,  his  shoe  was  burst 
lower  end  of  the  hempen  string,  he  in-  open,  and  part  of  his  clothes  sing«d. 
Bulated  it  by  fastening  it  to  a  post,  by  His  companion  was  struck  down,  and 
means  of  sUk,  and  waited  with  intense  remained  senseless  for  some  time;  the 
anxiety  for  the  result.  A  considerable  door-case  of  the  room  was  cplit,and  tlw 
time  elapsed  without  the  apparatus  door  itself  torn  off  its  hinges, 
giving  any  sign  of  electricity,  even  al-  (221.)  The  protection  of  buildmgs 
Utou^  a  dense  cloud,  apparently  charg-  from  the  effects  of  lightning,  is  the  most 
ed  with  hghtninz,  had  mssed  over  the  important  practical  applktation  of  the 
spot  on  which  tlicy  stood.  Franklin  was  theory  of  electricity.  We  have  only 
just  bcf^inning  (o  despair  of  success,  room  for  a  few  observations  on  the 
when  his  aUuition  was  caught  by  Ibt  {ninciples  od  vrUoh  waivaUn  l^ih'^ 
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purpose  should  be  constniefed,    Thej  are  connected     To  this  clus. belong 

should    be    formed    of   metallic    roda,  hcnt,  light,  electricity,  and  niagnflism: 

pointed  at  the   upper  extremity,   and  eanh  of  whicti,  rcspeclively,  produces 

placed  so  as  to  project  a  few  feet  above  certain  changes  on  material  bodies,  either 

tlie  hiKliBst  part  of  the  building  they  are  of  a   mechanical   or  cliemical  nature, 

intended  to  secure  ;  they  should  he  con-  which   it  is   natural   to  regard   as  the 

tinned  without  interruption  till  they  de-  effects  of  motion  communicRted  ly  the 

scend  inio  the  grouno,  Iwlow  the  foun-  impulse  of  material  agents,  of  so  subtile 

dation  of  the  house.     Copper  is  prefer'  and  attenuated  a  kind,  as  to  elude  all 

able  to  iron  as  the  material  for  their  detection  when  we  apiily  to  them  the 

construction, beingleasliabletodeslruc-  tests  of  graviQ'  or  inertia.     Ifwe  admit 

tionhy  rust,  or  by  fusion,  and  possessing  heat  and  light  to  be  materia],  analogy 

also  a  greater  conducting  power.    The  will  lead  us  to  8.scribe  the  same  charac- 

siie  of  the  rods  should  lie  from  half  an  ter  to  electricitv  and  to  magnetism,  not- 

indi   to   an  inch   in  diameter,  and  the  withstanding  tlieirbeing  imponderable, 

point  should  be  gilt,  or  made  of  platina,  (223.)  But  the  materiality  of  electri- 

that  it  may  Ire  more  effectually  preserv-  city  lias  also  t>een  maintained  on  other 

ed  trom  corrosion.     An  imjiortant  con-  grounds.   Tlie  pungent  sensation  of  the 

ditioD  in  the  protectingconductoria,  that  electric   spark,   the   smait  blovr  which 

no  interruption  should  exist  in  its  con-  accompanies  the  shock,  the  vivid  line  of 

tinuity  from  top  to  bottom :  and  advan-  light  which  marks  its  com-se,  the  varied 

tagewill  result  from  connecting  together  sounds  which  attend  its  passage  through 

by  strips  of  metal  all  the  leaden  water  the  air,  and  the  irresistible  fury  with 

pipes,  or  other  considerable  masses  of  which   R  bursts   asunder    the    densest 

metal  in  or  about  the  building,  so  as  to  textures,  all   seem  to  denote  the  mecha- 

form  one  continuous  system  of  conduc-  nicaJ  effects  of  sudden  and  po^trful  itn- 

tors,  for  carrying  the  electricity  l)y  dif-  pulse ;   all  seem  to  imply  the  rushing  of 

ferent  channels  to  the  grouniL     The  astreamof fluidpossdssedofmomenliim 

lower  end  of  the  conductors  should  be  adequate  to  produce  tliese  energetic  nio~ 

carried  down  into  the  earth  till  it  reaches  tions.  Can  we  refuse  to  ascribe  tlie  cha- 

either  wato",  or  at  least  a  moist  sbratum.  racter  of  materiality  to  that  which  we 

For  the  protection  of  ships,  chains  not  only  see  and  hear,  but  feel  also  ? 
made  of  a  series  of  iron  rodi  Jinked  (234.)  Tliis  argument  has  been  en- 
together,  are,  by  their  flexibility,  most  deavoured  to  he  strengthened  by  a  va- 
convenienllv  adapted.    They  sliould  ex-  riely   of  experiments,  from    which    the 
' — '  ' — n  tlie  h-~' — '  --:-■  -'■  " ■      - ■..■..,-        ..... 


tend  from  tlie  highest  point  of  the  mast  communication  of  impulrie  in  a  particii- 

some  way  into  the  sea,  and  the  lower  lar  direction  with  respect  to  the  species 

part  should  be  removed  to  some  dis-  of  electricity  has  been  infeiTed.     The 

tance  from  the  side  of  the  ship,  by  a  stream  of  air,  wtuch  proceeds  from  a 

wooden  spar  or  oulri^^er.  pointed  conductor  when  electrii^ily  is 

The  air  of  close  rooms,  vitiated  by  issuing  from  it,  appears  as  if  tl:e  air 

respiration,  is  found  to  be  negatively  vrere  carried   forward   along    with   Ihe 

electrified.  electric  fluid.     The  direction  of  its  mo- 

p  Yvt  *'""  ■*  ^^  "''"*  decidedly  indicated  by 

■™       ^-    ,    „  ,      „  thedifferentiuminousappearaneeswhich 

Iheoreheal    Vtewt   of  the   Nature  of  nccompany  the  escape  of  the  fluid  from, 

Jf.lectTtcity.  or  jtj,  reception  by,  a  pointed  conductor. 

(222.)    Ths   preceding  history   of  the  {See;^.  23.)    We  have  already  had  oc- 

phenomena  relating  to  electrici^,  may  tjaaion  to  notice  the  manner  m   which 

prepM*  usforthediscussionofsomein-  this    curious  fact   appears    to   support 

teresting  inquiries  concemmg  the  i-eal  the  hypothesis  of  Pranklin,  implying  the 

nature  of  this  powerful  and  mysterious  singleness  of  tlie  electric  fluid,  ({  'J8.) 
agent,  and  the  theory  of  its  operation.  (225.)  The  foDowing  experiment  has 

The  first  question  that  presents  itself  also  been  adduced  by  Cavallo  and   by 

is  with  respect  to  its  materiality.  Besides  Singer,  in  support  of  the  same  opinion, 

the  well-known  mechanical  forces  wliich  Place  on  tlie  table  of  the  universal  dia- 

belong  to  ordinary  ponderable  matter,  charger  a  card  bent  lei^thwise  over  a 

the  phenomena  of  nature  exhibit  to  our  round  ruler,  so  as  to  form  a  hollow  cy- 

view  another  class  of  powers,  the  pre-  iindrioal  groove ;  or,  what  is  still  Ijetler, 

sence    of   which,    although    sufficiently  two  straight  sticks  of  sealing-vrax,  laid 

char^tensed  by  certam  effects.  U  not  parallel  to  each  other,  so  that  the  June 

attended  with  any  appreciable  change  in  tion  of  their  rounded  edges  may  form  a 

the  weight  of  the  bodies  with  which  ttiey  groove^    la  this  groove  place  a  pith-ball 
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of  about  half  an  inch  in  diiuneter,  and  of  an  inch  wide  for  it  to  stand  upon,  but 

amnK^  the  vrires  of  the  diacharger  with  so  Ihat  it  may  be  overthrown  by  tlie 

theiriKiiiitsinlheilii-eclionotthes'WJve,  smaiiest  impulse ;   and  the  pointed  wires 

and  at  four  inohes  from  each  other,  the  of  the  universal  discharger  lie  brou-'ht 

ball  beit^  equally  distant  from  each.   On  opposite  to   each   other,    and  abouf  a 

passing  a  small  charge  fi-oni  one  v»ire  to  quarter  of  an  inch  below  the  upper  edge 

the  otlier,  tlie  ball  will  he  driven  from  of  the  card,  wliich  stands  at  an  equal 

the  positive  to  the  negative  wire,  and  this  distance  between  them;  on  connecting 

effect  ivill  tie  constant  it  the  wires  ter-  the  wires  with  a  machine,  or  with  on  in- 

niinale  in  points  ;  but  if  they  are  knob-  sulated  jar,  so  as  to  effect  an  electric 

bed,  tlie  ball  firequently  vibrates  between  discharge  between  them,  the  card  will 

them,  because  the  influence  of  the  at-  be  thrown   down,   and   will   constantly 

trading  surfaces  upon  the  ball  interferes  fall  from  tlie  positive,  and  towards  Uie 

witit  the  regularity  of  the  effect,  and  often  negative  wire. 

renders  the  result  equivocaL  (22S,)  I'he  determination  of  a  stream 

(228.)  The  nature  and  place  of  the  of  electrified  wr  in  this  direction  is  also 

perforation  sitected  in  a  card  by  the  rendered  veiy  sensible  liy  the  motions  of 

passage  of  an  electric  charge,  of  which  smoke  or  valour  placed  in  the  circuit 

we  have  already  given  un  account  C{1S9),  ofthe  eleclricitv.    Tlius  the  flame  of  a 

appear  to  favour  the  same  view  of  tlie  taper  placc.l   between    two    oppositely 

subject.  The  following  experiment,  also,  electrified  balls  will  constantly  be  blown 

shews  that  Uie  imnulse  is  communicated  from  the  positive  lo  the  negative  side, 

most  forcibly  in  the  direction  from  the  J^^.  43   represents  tvro  holktw  metallic 
positive  towards  the  negative  conductor. 


A  light  flual'wheel,  the  vanes  of  which 
are  made  of  card  paper,  inserted  in  the 
-circumference  of  a  cork  turning  &«ely 
on  a  pin  passed  ttirough  its  centre  as  an 
axle,  will  be  put  in  motion  byprcsenting 
to  it  an  electrified  point,  apparently  in 
consequence  ofthe  impulse  ofthe  stream 
of  air  which  issues  from  the  point 
Whether  the  point  be  positively  or  nega- 
tively electrified,  the  direction  of  the 
motion,  as  well  as  of  the  stream  of  air,  is 
always  the  same.  But  if  the  wheel  he 
placed  on  en  insulating  stem,  as  in,/!|f. 


Pig.  43. 


iKiUs.aboutthree  quarters  of  an  inch  in 
diameter,  insulated  on  separate  glass 


43,  and  introduced  between  the  pointM    pillars,  by  which  they  are  supported  at 


has  its  Same  situated  mid-way  between 
the  tialls,  one  of  which  is  connected  with 
the  positive,  and  the  other  with  the  nega- 
tive conductor  of  the  machine.  When 
the  balls  are  electrified,  the  Same  is 
wires  of  the  universal  discharger,  which  aniated,  and  inclining  towards  the  one 
■re  to  be  placed  as  accurately  as  possible  which  is  negative,  soon  heiCIs  it  suffi- 
npposite  to  eadi  other,  and  at  the  distance  ciently  to  set  fire  to  the  phosphorus  it 
of  an  inch  or  more  from  the  upper  vanes;  contains,  whilst  the  positive  ball  remains 
on  connecting  one  of  the  wires  with  the  perfectly  cold,  and  its  phosphorus  un- 
positive,  and  the  other  witli  the  negative  melted.  On  reversing  the  connection* 
conductor  of  an  electrical  machine,  and  of  the  halls  with  the  machine,  the  phos- 
exciting  it,  the  wheel  will  move  as  if  im-  phorua  in  the  other  hall  will  now  he 
pelled  by  a  stream  from  the  positive  to  heated  and  will  inflame, 
the  negative  wire.  On  reversing  the  (229.)  However  plausibly  il  may  have 
connections,  so  tliat  the  electricity  of  been  inferred,  from  a  superficial  view 
each  wire  is  changed,  the  motion  of  the  of  these  facts  and  experiments,  that  the 
wheel  ^vill  likewise  be  reversed.  electric  fluid  actually  possesses  momen- 

(2-27.)  If  a  card  be  placed  veitically,  turn,  and  Ihat  it  moves  in  a  particular 
by  inserting  it  in  a  small  piece  of  cork  direction,  a  more  rigid  analysis  of  the 
that  may  form  a  base  of  about  a  quarter    phenomena  will  show  that  they  in  n 


oat  they  in  no 
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degi'ee  warrant  siich  ui  inference.    All  quire  upon  what  principle  these  reniark' 

the  mechanical  effects  thai  attend  the  able  differences  in  the  phenomena  of 

transfer  gf  electricity  are  ultimately  re-  posilive  and  of  negative  electricity  can 

■olvable  into    the    sudden    action  of  a  be  accounted  for,  consistently  with  either 

repulsive  power  exerted  among  the  par-  hypothesis. 

fioles  of  matter  which  are  situated  in  the  (231,)  On  an  attentive  examination  of 
line  of  its  course.  They  are  only  parti-  the  phenomena  they  appear  to  be  expli- 
ticular  instances  of  the  fundamenlal  law  cable  on  the  supposition  Ihat  the  air,  or 
of  electric  action,  that  bodies  charged  medium  through  which  the  electrici^ 
with  the  same  kind  of  electricity  repel  passes,  is,  in  the  languaee  of  one  theory, 
one  another.  Thus  the  particles  of  more  disposed  to  admit  of  the  passage 
wr  electrified  by  a  pointed  conductor  of  the  vibeous  than  of  the  resinous  elec- 
are  repelled  by  that  conductor,  and  tricily;  or,  to  speak  consistently  with 
repel  it  also  ;  and,  moreover,  repel  one  the  Franklinean  theory,  that  it  is  more 
another :  and  the  same  effect  takes  disposed  to  receive  the  electric  fluid 
place  whether  their  electric  state  tie  of  from  a  conductor  which  m  charged  with 
the  positive  or  negative  kind.  Hence  it,  than  to  part  with  it  to  an  undercharged 
the  stream  of  air  wluch  proceeds  from  conductor  which  ahsorbs  it  The  con- 
any  electrified  point  is  very  naturally  sequences  of  (his  hypothesis  are,  that  the 
accounted  for.  It  the  quantity  of  elec-  vitreous  electricity  meets  with  less  re- 
tricity  which  is  transferred  is  consider-  sistance  in  passing  out  from  a  body  into 
able,  it  excites  a  more  violent  commo-  the  air,  and  is  therefore  earned  forward 
tion  among  the  particles  which  it  in-  more  readily  and  more  directly  than  the 
fluences  in  its  passage.  The  intense  resinous  electricity.  Tlie  latter,  in  con- 
energy  of  its  repulsive  action  produces  sequence  of  meetmg  with  greater  resist- 
the  most  sudden  and  forcible  expansion  ance  to  its  exit,  is  more  diffused  in  tha 
of  that  portion  of  the  air  which  occupies  surrounding  space, 
this  line  ;  this  air  thus  expanding  must  On  the  Franklinean  theory  the  same 
be  impelled  laterally  agamst  tlie  sur-  efTecls  will  follow  with  reference  lo  the 
rounding  particles,  and  must  occasion  propulsion  of  the  electric  fluid  from  the 
their  sudden  compression.  The  evolution  positive,  and  its  absorption  by  the  nega- 
of  heat  and  light  is  the  necessary  couse-  tive  body. 

quence  of  this  violent  compression ;  and        (232.)  That  the  peculiarity  of  the  me- 

the  vibratory  impulse  being  propagated  chanical  effects  of^the  different  species 

in  all  directions  is  the  source  of  the  sound  of  electricity  depends  upon  the  proper- 

wliicn  attends  the  electric  explosion.  The  lies  of  the  air,  which  is  the  vehicle  of 

■ensationlowhichthepassageoftheelec-  its  agency,  and  not  upon  any  specific 

trie  ^uxsk  through  our  bodies  gives  rise,  ii  power  in  the  agent  itself,  is  shown  iy  a 

also,  evidently,  referable  to  an  impression  modification  of  the  experiment  described 

made  on  the  nerves  by  the  same  repul-  in  §  1S9,  in  which  a  varnished  card, 

alve  action.     In  all  this  we  can  discern  suspended    between     two    conductors, 

no  positive  proof  of  the  operation  of  a  was  nerforated  at  the  point  where  it  was 

material  agent  extraneous  to  the  body  touched  by  the  negative  wire.     On  re- 

itself  and  acting  by  mechanical  impulse,  peating  the  same  experiment  under  the 

The  materiality  of  electricity,  therefore,  receiver  of  an  air-pump,  Mr.  TVemery 

must  still  rest  upon  a  similar  foundation  found,  that  in  proportion  as  the  air  ia 

with  that  of  heat,  or  of  hght.  exhausted,  the  place  where  the  card  is 

(230.)   It  the  electric  power,  or  fluid,  perforated    by  the  electric  shock  ap- 

if  we  choose  to  consider  it  as  such,  does  proaches   nearer  to  the   positive   wire. 

not  act  liy  its  mechanical  momentum,  the  When  the  pressure  of  the  air  is  reduced 

arguments  in  favour  of  the  motion  of  a  lo  one-half,  the  hole  is  at  tlie  middle 

■ingle  fluid  from  the  positive  tothenega-  point  between  the  two  wires.     At  every 

tive  liody,  derived  from  the  appearances  discharge,  a.  flash  is  seen  to  pass  from 

otthestreamsot  electric  light,  (}  97,  B8,)  each  conductor  to  the  place  ofperfora- 

the  impulsion  of&pith-ball,  ((  225,)  tlie  [ion.    The    curious  appearances    pre- 

perforalion  oracard,(i  16B,)  the  rota-  sented  by  the  edges  of  the  perforations 

tion  of  a  windmill,  (}  22G,)  and  the  de-  made  in  the  leaves  of  a  quire  of  paper, 

termination  of  the  flame  ofataper(>22S)  already  detailed  ($   160,   161,)  are  not 

inone  constantdirection,  must  fallto  the  recoucileable  with  the   supposition   of 

ground,  and  can  evidently  lie  of  no  avail  a  mechanical  impulse  acting  only  in  one 

,  m  deciding  the  great  question,  whether  direction,  but  indicate  the  equal  repul- 

there  be  two  electric  fluids  or  only  one.  give  action  of  both  kinds  of  electricity. 

But,  still,  it  is  incumbent  upon  ua  to  ia  wbea  the  distoibiog  H'i'i'Vvf  i^  am 
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idr  is  wilhdrftwn.    It  is  a  confirmation  and  lowHrds  it,  it  U  evident  that  the 

of  this  hypothesis,  respecting  the  pecu-  body  will  neither  acquir*  nor  lose  elec- 

liar  hind  of  obstruction  which  air  op-  tricity,   but  remain  quiescent,  whetlier 

poses  to  the  passage  of  electricity,  that  it  be  insulated  or  not. 
other  substances  have  been  discovered         (23S.)  The  state  of  the  forces  ope- 

ir  property  exists.   Mr.  rating    between    two    similar    neutial 


shown  in  /Ig,  45.    Here  it 

Fig.  45. 


IX : 


Ermann,  of  Berlin,  has  found  that  the  bodies 
flame  of  alcohol  is  possessed  of  a  greater 
conducting  power  with  regard  to  posi- 
tive, than  to  negative  electricity.  Alka- 
line soap,  on  the  contrary,  conducts  ne- 
gative electricity  better  than  positive ; 
and  will,  therefore,  serve  to  insulate  a 
feeble  degree  of  the  latter,  at  the  same 
time  that  it  permits  the  passage  of  the 

(233.)  It  has  always  been  urged  as  a 
strong  ot^ection  to  the  theory  of  a  single 
electnc  fluid,  that  it  necessHjily  involves 
the  condition  of   a  mutual  repulsion 
among  the  particles  of  ordinary  matter.     iMovifrom  Ihe  condition  of  neutraltly. 
See}  b'i.     Before  attempting  to  combat    "^  abi.ve  defined,  that  tlie  two  attractive 
this  objection,  it  will  be  proper  to  enter     forces,  denoted  by  the  two  whole  lines, 
into  a  somewhat  fuller  illustration  of  the     are  each  of  them  equal  to  the  repulsive 
position  than  we  have   already  done;,    force  between  the  two  fluids,  denoted 
and  for  this  purpose  we  shall  avail  our-    by  the  upper  dotted  line.     Actuated  by 
selves  of  the  assistance  of  a  few  dia-    these  forces  only,  therefore,  the  two 
grams,  calculated  to  aid  our  conceptions    bodies  would  attract  each  other.     The 
of  the  forces  concerned  in  the  mutual     addition  of  a  second  repulsive  force  be- 
actions  of  electrified  or  neutral  bodies,    tween  the  two  portions   of  matter,  aa 
For  the  sake  of  greater  distinctness,  we    represented  by  trie  lower  dotted  line,  is 
shall  suppose  the  whole  of  the  matter    therefore  necessary  to  account  for  the 
in  the  biMy,  of  which  we  are  studying    state  of  equilibrium  which  we   find, 
the  actions,  to   be  concentrated  m  a    under  these  cu'cumstances,  really  ob- 
small  space,  and  we  shall  represent  this    tains.     Some  persons  have  conceived, 
matter  by  a  black  square.     In  like  man-     that  by  assuming  the  repulsive  force  of 
ner.  we  shall  suppose  that  the  whole  of    the  electrio  particles  to  be  double  the 
the  electric  fluid  contained  in  the  same    attractive  forces  of  the  same  particles 
body  is  condensed  into  a  small  space,     for  matter,  the   equilibrium  might  be 
denoted  tjy  a  white  circle.    The  mutual  '       ■"  """      '  -------  ■- 

actions  of  the  matter  or  electric  fluid  in 
two  adjacent  txidies,  are  expressed  by 
lines  passing  from  the  one  to  the  other 
respsctively  ;  the  attractions  being  dis- 
tinguished by  unbroken  lines,  and  the 
repulsions  by  dotted  lines. 

(234.)  J^.  44  represents  a  bodyB  in 


Fig.Ai. 


a=- 


a  neutral  state  of  electricity,  by  which 
is  to  be  understood,  that  llle  quantity 
of  fluid  it  contains  exists  in  a  propor- 
tion so  exactly  adjusted  to  the  quantity 
of  matter,  as  that  its  repulsion  fur  a 
particle  F  of  electricity  at  any  distance, 
precisely  balances  the  attraction  of  the 
matter  fur  that  same  particle.  While 
this  equilibnum  is  preserved  among  the 
force!  which  would  impel  any  electric 
fluid  exlenul  la  the  body  bota  from  it 


iiplained  without  havine 
the  mutual  repulsion  of  the  particles  of 
matter:  forgetting,  that  such  an  as- 
sumption is  incompatible  with  that  of 
the  neutral  state  of  the  bodies,  which 
is  the  condition  under  which  we  are  now 
eiaminingthem. 

(236.)  The  repulsion  of  two  bodies, 
each  containing  twice  the  quantity  of 
electric  fluid  requisite  for  the  saturation 
of  their  respective  matter,  is  illustrated 
by/^.  46.    All  the  forces  represented 
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bj  the  lines  must,  fitim  the  hypothesis, 
be  regarded  as  equal  in  point  of  in- 


tractive  forces  is   only  as   four;    the 
former  therefore  will  prevail. 

(237.)  Precisely  the  same  result  will 
obtain  in  the  case  of  two  negatively 
electrified  bodies,  in  wliich,  as  reprt- 
sented  in  Jig.  4",  the  quantify  of  matter 


Fig.  47. 


is  twice  as  much  as  llie  fluid  can  satu- 
rate. In  the  former  case  it  was  the 
rejjulsion  between  the  two  portions  of 
fluid  which  were  in  excess  that  de- 
stroyed the  equilihrimn ;  wlule  in  this 
ca'ie  the  same  eflect  is  produced  by  the 
mittuol  repulsion  of  {lie  unsaturated 
]>ortions  of  matter. 

(aaa.j  Lastly,  we  may  collect  from 
an  exaniination  of^.  4B,  where  a  body 


Fig.  4S. 


posirively  elecfrified  is  supposed  to  be 
placed  near  one  lliat  is  nt^tively  elec- 
tiified,  that  the  ultimate  effect  will  be 
determined  by  the  attraction  between 
the  fluid  in  excess  in  the  former,  and 
the  unsaturated  matter  in  the  latter : 


all  the  other  attractioni  and  repulsions 
exactly  compensating  each  other. 

(239.)  It  IS  a  great,  though  a  com- 
mon error  to  imagine,  that  the  condition 
assumed  by  j^pinus,  nnmely,  that  tlie 
particles  of  matter,  when  devoid  of 
electricily,  repel  one  another,  is  in  op- 
position to  the  law  of  universal  gravi- 
tiition  established  by  the  researches  of 
Newton;  for  this  law  applies,  in  eveiy 
instance  to  which  inquiry  has  exIemlM, 
to  matter  in  its  ordinary  state,  tliat  is, 
combined  with  a  certain  proportion  of 
elecliic  fluid.  By  supposing,  indeed, 
thai  the  nmtual  repulsive  action  be- 
tween the  particles  of  matter  is,  bv  a 
very  small  quantity,  less  than  lliat 
l)etw'een  Ihe  particles  of  the  electric 
fluid,  a  small  ualtuice  would  be  IvSt  in 
fiivour  of  the  attraction  of  neutral 
bodies  for  one  another,  which  niight 
oonstitute  the  very  force  which  operates 
under  Ihe  name  of  gravitation:  and 
thus  both  classes  of  phenomena  may 
be  included  in  the  same  law. 

(240.)  An  objection  has  been  urged 
by  Biot  against  the  hypothesis  of  a 
smgle  fluid,  on  the  ground  tliat  it  im- 
plies an  equal  degree  of  attraction  be- 
tween the  fluid  and  every  species  of 
matter,  whereas  in  the  case  of  otlitr 
agents,  such  as  heat  and  magnetism, 
the  degree  of  their  afti-action  is  vi?ry 
dififertnt  towards  different  kinds  <if 
matter.  This  objection  does  not  applj- 
to  the  hypothesis  of  Ihe  two  fluids,  fi:r 
they  are  assumed  as  acting  independ- 
ently of  any  specific  attracfions  for  tli:; 
bodies  which  contain.them;  hence  their 
distribution  in  those  bodies  follows  tli^t 
same  law,  whatever  be  the  sptcific 
nature  of  the  materials  of  which  tliij 
latter  are  composed. 

(241.)  VVearrivcfhen,  at  the  conclu- 
sion that  there  is  no  tact  in  elcclrioitv 
which  cannot  he  explained  on  either  of 
the  two  hypotlieses :  but  to  which  siilo 
the  balance  of  probabilities  may  incline, 
when  the  respective  merits  and  demerits 
of  each  are  lalten  into  account,  remains, 
perhaps,  to  l>e  decided  more  by  llio 
taste  than  the  judgment  of  the  inquirer. 
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CTfAPTBR  I.  year  1790.  that  his  wife,  being  con- 
Euniptive,  WAS  advised  to  take,  as  a 
Origin  of  Qalpanitm.  nutritive  article  of  diet,  some  soup  mado 
"  ■"  of  the  flesh  of  iroes.  Several  of  these 
,  (1.)  The  terra  Galvanism  is  em-  ajiimals,  recently  skinned  for  that  pur- 
ployed  to  designate  a  peculiar  form  of  pose,  were  lying  on  a  table  in  the  labo- 
electric  agency,  elicited  under  particular  ratory,  close  to  an  electrical  machine, 
drcurastances.  and  capable  of  produc-  with  which  a  pupil  of  the  professor  was 
ing  certain  effects  on  bodies,  not  usually  amusing  himself  in  trying  experiments, 
resulting  from  the  ordinary  modes  of  While  the  machine  was  in  action,  he 
excitation.  The  first  notice  that  we  chanced  to  touch  the  bare  nerve  of  the 
find  of  any  phenomenon  referable  to  this  leg  of  one  of  the  frogs  with  the  blade  of 
branch  of  electricity,  occut^  in  a  meta-  the  knife  that  he  held  in  hishand;  when 
physical  work,  published  in  1767,  and  suddenly  the  whole  limb  was  thrown 
entitled.  The  General  Theory  of  Plea-  into  violent  convdsions.  GbItmi  was 
ture»,  by  a  German  writer  of  the  name  not  present  when  .this  occurred,  but  ro- 
of Sulzer,  who  observed,  that  by  apply-  ceived  the  account  from  liis  lady,  who 
'"g  two  metals,  one  above,  and  me  other  had  witnessed,  and  had  been  struck 
iw  the  tongue,  and  then  bringing  with  the  singulari^  of  the  appearance, 
n  into  contact,  a  peculiar  taste  was  He  lost  no  tune  in  repeating  the  expe- 
perceived.  He  ascribed  tliis  sensation  nment,  in  examining  minutely  all  itie 
to  some  vibratory  motion,  excited  by  circumstances  connected  with  it,  and  in 
the  contact  of  the  metaU.  and  commu-  determining  those  on  which  its  success 
nicated  to  the  nerves  of  the  tongue,  depended.  He  ascertained  that  the  con- 
Content  with  this  loose  and  fanciful  vuJsions  took  place  only  at  the  moment 
explanation.  8uli:er  appears  to  have  when  a  spark  was  drawn  from  the  prime 
pursued  the  inquiry  no  farther ;  and  the  conductor,  and  the  knife  was  at  the  same 
curious  fact  he  hadannouncedremained  time  in  contact  with  the  nerve  of  the 
for  many  years  unnoticed,  until  the  at-  frog.  He  next  found  that  other  metallic 
tention  of  the  philosophic  world  was  bodiea  might  be  sulntituted  for  the 
drawn  to  the  subject,  by  the  discovery  knife;  and  very  justly  inferred  that  they 
of  Golvani.  Important  discoveries  in  owed  this  property  of  exciting  mus- 
science  seem  often  to  arise  fi'om  ac-  cular  contractions  to  their  being  good 
cident;  but,  on  closer  examination,  it  is  conductors  of  electricity. 
found  that  they  always  imply  the  exer-  (2.)  Far  from  being  sa^sfied  willi 
else  of  profound  thought.  As  the  fer-  having  arrived  at  this  conclusion,  it  only 
tUity  of  the  soil  is  essential  to  the  germi-  served  to  stimulate  him  to  the  further 
nation  and  growth  of  the  seed  which  investigation  of  this  curious  subject ; 
the  wind  may  have  scattered  on  its  sur-  and  his  perseverance  was  at  length  re- 
face,  so  it  is  principally  from  the  quali-  warded  by  the  discovery,  that  similar 
ties  of  minif  in  the  observer  that  an  convulsions  might  be  produced  in  a  frog, 
observation  derives  its  value,  and  may  independently  of  the  electrical  machine, 
be  made  eventually  to  expand  into  an  by  forming  a  chain  of  conducting  sub- 
important  branch  of  science.  This  has  stances  between  the  outside  of  the  mus- 
been  remarkably  exemplified  in  the  ori-  cles  of  the  leg,  and  the  crura!  nerve, 
gin  of  galvanism.  Its  founder.  Gal-  Galvani  had  previously  enteitained  the 
vani,  was  professor  of  anatomy  at  idea  that  the  contractions  of  llie  muscles 
Bologna,  and  had  early  diilin^ished  of  animals  were  in  some  way  dependent 
himself  by  his  attainments  and  his  leol  on  electricity ;  and  as  these  new  expe- 
in  his  profession,  and  especially  hy  the  riments  appeared  strongly  to  favour 
ardour  with  which  he  cultivatw  com-  this  hypothesis,  he  willi  great  ingenuity 
partUive  uiatomy.    It  happened,  in  the  appliw  it  to  explain  them.    He  coaf 
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pared  the  muscle  of  k  living  aninicd  to  a  used  to  desigoate  that  particulai'  form 

Leyden  phial,  chained  by  the  accumula-  of  electrical  agency,  which  is  the  subject 

lien  of  electricity  on  its  surface  ;  while  of  the  present  treatise. 
he  conceived  that  the  nerve  belonging         Previously  to  our  entering  into  a  de- 

lo  it  performed  the  function  of  the  wire  tailed  exposition  of  the  facts  relating  to 

cominunicaliiig  with  the  interior  of  the  this  science,  and  of  the  theories  which 

phial,  which  would,  of  course,  be  charged  have  been  proposed  for  their  explana- 

neicalively.     In   this   state,  whenever  a  tion,  it  will  De  necessary  to  direct  our 

communication  was  made,  by  means  of  attention  to  the  nature  of  those  arrange- 

a  substance  of  high  conducting  power,  ments  of  boilies,  which  are  the  sources 

between  the  surface  of  the  muscle  and  of  galvanic  poirw. 
the  nerve,  the  equilibrium  would  be  in- 
stantly restored,  and  a  sudden  contrao- 
tion  of  the  fibres  would  be  the  conse-  Lhaptbb  IL 

'*"^".)  Ve  discoveries  of  Galvani  were  ^''^^  '^'^  ^'■«^' 
no  sooner  made  known  to  the  scientific  (4.)  Th«  process  usuaMy  adopted  for 
world,  than  they  excited  very  genera)  obtaining  galvanic  electriraty  is  to  inter- 
mterest;  and  philosophers  in  every  pose  between  two  plates  of  different 
country  m  Europe  vied  with  each  other  kinds  of  meta]  a  fluid  capable  of  eiert- 
in  repeating  his  experiments,  in  varying  ing  some  chemical  action  on  one  of  the 
them  m  all  possible  ways,  and  m  invent-  plates,  while  it  has  no  action,  or  al  least 
ing  aU  kinds  of  hypotheses  to  account  a  different  one,  on  the  other  plate;  and 
tor  the  phenomena.  Some  regarded  fhen  to  estabUsh  a  communication  be- 
Ihem  as  the  effects  of  a  new  and  un-  tween  the  plates  at  some  other  part, 
known  agent,  liifTering  altogether  from  either  by  their  direct  contact  with  one 
electricity;  while  otliers,  adopting  the  another,  or  by  the  intervenUon  of  con- 
Views  of  Galvam,  recognised  them  to  be  dueling  subitances.  Let  us  take,  for 
electrical,  but  atlnbuted  them  to  a  pe-  example,  a  plate  of  line,  Z.  and  another 
culiar  modification  of  that  power,  re-  of  copper,  C,  (Jig,  1.)  and  imrnerse 


siding  in  the  animal  system  only,  and 
which  they  accordingly  distinguished  by 
the  name  of  Animal  Electricity.  Hut 
the  discovery  of  new  facts  contributed 
more  andmore  to  multiply  and  strengthen 
the  analogies  between  galvanism  and 
elecbririty;  till  at  length  all  doubt  of 
the  identity  of  the  agent  concerned  in 
all  these  phenomena  was  removed  by 
the  discovery  of  the  CkUvanie,  or  Vol- 
taic  Pue.  Whatever  share  accident 
may  have  had  in  the  original  discovery 
of  Galvani,  it  is  certain  that  the  inven- 
tion of  the  pile,  an  instrument  whidi 
has  most  materially  contribultd  to  the 


Pig.\' 


extension  of  our  knowledge  in  this  them,  to  a  certain  depth  onlf,  in  diluted 
branch  of  physical  science,  was  purely  sulphuric  acid.  A,  contained  in  a  glass 
the  result  of  reasoning.  Professor  Volta     vessel,  keeping  their  lower  edges  af  a 


of  Pavia,  a  name   already  familiar  to  1'"'^  distance  from  one  another:  then, 

electricians,*  was  led  to  the  discovery  of  inchning  them  towards  each  other,  let 

its  properties  by  deep  meditation  on  the  "s  bring  their  upper  edges,  which  are 

(iflvelo|)ement  of  (Jectricily  at  the  aur-  out  of  the  fluid,  into  contact,  as  repre- 

face  of  contact  of  different  metals.-)-  senled  in  the  figure.    The  arrangement 

We  may  justly  regard  this  discovery  as  ^c  have  thus  formed  constitutes  what 

forming  an  important  epoch  in  the  his-  is  called  a  galvatiic  circle,  in  its  simplest 

tory  of  galvanism  :   and  indeed,  since  form,  of  which  the  three  parts,  or  ele- 

Ihat   period,   the   terms,    Voltmem,   or  ments,  are  rinc,  acid,  and  copper;  each 

Voilaic  Electridl^,  huve  often,  in  ho-  of  these  bodies  being  in  contact  with  the 

nour  of  this  idustnous  philosopher,  been  '"o  others.     Under  these  circumstances 

. it  is  found  that  a  quantify  of  electricity 

•  Sfo  Tnaiiu  th  Utieixiciis,  |  iw,  180,  's  set  in  motion ;  a  continued  current  ol 

'^^  !»>«.■  electric  fluid  passing  ftomthe  lincto  th« 
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acid— &om  the  acid  lo  Ihe  copper —  by  means  of  wires,  enables  us  to'*direct 

from  the  copper  back  again  to  the  nine  the  electric  current  through  such  bodies 
— and  so  on,  in  a  perpetual  circuit,  u  vie  may  wish  to  subject  to  its  opera- 
Such  at  least  must  be  the  explanation  tion,  and  at  the  same  time  gives  us  the 
of  the  ptjenomena  on  the  hypolhesia  of  power  of  interrupting  or  renewing  at 
FVanklm,  implying  the  singleness  of  the  pleasure  thecomraunication  between  the 
electric  fluid.  But  if  the  theory  of  Do  two  metallic  plates,  by  merely  separat- 
Fay,  which  recognises  two  different  ing  or  joinine-  together  their  remote  ex- 
fluids,  be  adopted,  what  has  just  been  tremities  at  Y.  When  united,  the  wire 
stated  must  be  understood  to  refer  ex-  W,  which  proceeds  from  the  copper- 
clnsively  to  the  current  of  vitreous  elec-  plate  C,  is  imparting  eleclricily  to  tiie 
tricily.  Now,  according  to  that  theory,  wire  X,  which  touches  the  zinc  plate  Z ; 
ei'ery  such  transfer  of  electricity  con-  hence,  the  former  is  considered  as  being 
sisis  of  an  interchange  of  the  two  fluids:  in  a  posilive,  and  the  latter  in  a.  nega- 
the  current  of  vitreous   electricity  just  live  stat& 

mentioned,  must,  therefore,  necessarily  (6.)  The  electrical  effects  of  the  sim- 

be  accompanied  by  an  opposite  current  pie    apparatus  just  described  are,   in 

of  resinous  electricity ;  that  is,  of  one  general,  too  feeble  to  be  perceived,  un  - 

flowina;  fi^)m  the  sine  to  the  copper;  less  by  veiy  delicate  tests.    The  fact 

from  1ne  copper  to  the  acid  ;  and  from  mentioned  by  Sulzer,  and  the  experi- 

the  acid  to  the  linc.    Hence  in  our  fii-  menU  of  Galvani  on  the  muscles  of 

ture  explanations  of  tlie  phenomena  of  frogs,    in   their   original   form,   afiord, 

galvamsm,  it  will  be  sufficient  to  ex-  however,  examples  of  the  operation  of 

press  the  former  of  these  currents  only;  simple    galvame   circles.     When    the 

provided  we  bear  in  mind  that  tlie  trans-  tongue  is  intetposed  between  zinc  and 

fer  of  any  quantity  of  vitreous  electricity  copper,  the  saliva  in  contact  with  the 

in  a  given  direction,  implies  the  transfer  metals  performs  the  part  of  the  acid  in 

of  an  equal  quantity  of  resinous  electri-  the  experiment   above  mentioned,  and 

city  in  the  opposite  direction.  the  stream  of  electricity  in  its  passage 

(').)  The  same  efi'ects  will  take  place,  from  the  line  to  the  copper,  through 

if,  instead  of  allowing  the  metallic  plates  the  substance  of  the  tongue,  affects  the 

to  come  in  direct  contact,  the  communi-  nerves  of  that  organ,  ho  as  lo  give  rise 

cation  betwen  them  be  effected  by  wires,  to  sensations  of  taste.    In  Galvani"s 

(as  shewn  in^.  S.)  extending  from  the  experiment,  muscular  contractions  were 

~    _  .  produced  by  forming  a  connection  be- 

"o  •■  tween  two  different  metals,  one  of  which 
mas  applied  to  the  nerve,  and  the  other 
to  the  muscles  of  a  frog's  leg.  It  is 
evident  that  such  an  arrangement  com- 
poses a  galvanic  circle,  deriving  its 
activity  from  tlie  chemical  properties  of 

{•  the  fliuds  in  those  parts  of  the  frog  that 

■  are  in  contact  with  the  metals.   'Al- 

}  though  the  quantity  of  eleclricily  set  in 

'  motion  by  this  sljglit  action,  must  be 
supposed  to  be  exceedingly  minute,  it  ia 
yet  sufficient,  when  passing  r —  """ 


exquisitely  sensible  nerves ofthe tongue, 
or  Ihrougn  tl"  *"*  "    '    '■-"-  "'--      * 


ir  through  the  higlily  irritable  fibres  of 
a  frog,  to  produce  a  very  considerable 
impression, 
•^^^  (7.)  It  has  even  been  found  possible, 

S  means  of  a  very  small  galvanic  circle 
the  same  simple  kind  as  that  which 
tricily  will  thus  be  lengthened,  but  the  we  have  described,  to  produce  some  of 
currents  will  move  in  the  same  direction  the  more  energetic  effects  of  galvanism, 
as  t>efore ;  that  of  the  positive  electri-  such  as  raising  the  temperature  of  the 
(rity  being  denoted  in  the  figure  by  the    wire  which  conducts  it  to  a  red  heat. 

Sosllion  of  the  arrows  ;  namely,  in  the  We  are  indebted  to  the  ingenuity  of  Dr. 
uid,  from  the  sine  towards  the  copper ;  Wollaston  for  the  confrivance  of  an  ap- 
and  along  the  wires,  frwm  llie  coppter  to  paratus,  which  he  calls  an  elementary 
the  line.    The  completion  of  tbe  circuit   gaivanic  battery,  capable  of  exhibilinf 


exhibiting 


K 
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Urn  effect.*  He  found  that  a  single  ficent  battery  belonging  to  the  T.ondoA 
plate  of  zinc,  of  llie  size  of  a  square  Institution,  and  which  was  constructed 
inch,  when  properly  mounted,  and  sus-  under  the  direction  of  Mr.  Pepys.*  It 
pended  in  dilute  sulphuric  acid,  between  consists  of  two  plates  only,  the  one  of 
two  copper  plates  of  similar  dimensions,  sine,  and  the  other  of  copner,  coiled 
was  more  than  BuiBcient  to  ignite  a  wire  round  acylinder  of  wood,  una  prevented 
of  platina,  one  three -thousandth  of  an  from  coming  into  contact  by  ropes  of 
inch  in  diameter,  which  formed  part  of  horee  hair,  which  is  a  ron- conducting 
the  connection  between  the  two  metals,  substance,  interposed  in  various  places 
(8.)  It  will  readily  be  conceived,  that  between  them.  The  length  of  each  plate 
by  enlarging  the  size  of  the  pktea,  their  is  GO  feet,  and  its  breadth  two  feet;  the 
er  will  be  proportionally  increa-sed,  total  surface  being  40(t  square  feet.  In 
first  bat;cry  of  this  kind,  on  a  very  order  to  charge  this  battery,  the  whole 
large  scale,  was  tliat  constructed  by  Dr.  coil  is  immersed  in  a  tub  containing 
Hare,  professor  of  chemistry  in  the  uni-  acid  iif  the  proper  strength. 
versity  of  Philadelphia,  and  called  by 

him  a.  Caloriviotor,  from  its  remarkable  Chapter  III. 

power  of  producine  heat.t     It  consisted  _  ,„  ,       .    _.    . 

of  sheets  of  mc,  and  of  copper,  formed  Compound  Galvamc  Ctrtlei. 

into  coils,  so  as  to  encircle  each  other,  (100  Many  of  the  eiFects  ef  galvanism 
separated  only  by  interstices  of  a  quarter  require  for  their  production  the  combined 
ofaniiieh  in  width.  Hiis  construction  influenceof  a  nuralier  of  plates,  arranged 
is  shown  inj^.  3,  which  exhibits  a  hori-  so  as  to  form  what  is  termed  a  com- 
f^.  3.  pound  galvanic  circle.     To  this   class 

belongs  the  galvanic  pile,  discovered  by 
Volta,  and  announced  by  him  in  a  paper 
which  he  transmitted,  in  the  year  1800, 
to  thB  Royal  Society.     He  had  been  lod 
by  theory  to  conceive  (hat  the  effect  of 
a  single  pair  of  metallic  plates  might  be 
increased    indefinitely    by    multiplying 
their  number,  and  disposing  them  in 
pairs,    with   a   less  perfect   conducling 
substance  interposed  between  each  pair. 
For  this  purpose  he  provided  an  equal 
Eontal  section  of  the  plates  as  they  are     number  of  silver  coins,  and  of  pieces  of 
coiled  togetherr  the  thick  line  Z,  repre-     """•  °^  the  same  form  and  dimensions  ■ 
sentlng  the  zinc,  and  the  thinner  line  C,     *"<!  »lso  circular  discs  of  card,  soaked 
the  copper  plate.     The  zinc  sheets  were     "?   ""'t   water,   and   of   somewhat  less 
nine  inches  by  six ;  the  copper  fourteen     diameter  than  the  metallic  plates.     Of 
by  six ;  more  of  the  latter  metal  being    these  he  formed  a  pile  or  column,  as 
required;  as  in  every  coil  it  was  made    shown  in  ^y.  4:  in  which  the  lliree  sub- 
to  commence  wilhin  the  zinc,  and  com-  Fig.  4. 
pletely  to  surround   it  on  the   outside. 
Each  coil  was  about  two  inches  and  a 
half  in  diameter ;  their  number  amounted 
to  80 ;  and  by  means  of  a  lever  they 
could  ali  be  let  down  at  the  same  mo- 
ment into  as  many  glass  jars,  tfto  inches                    i  a 
and  three  quarters  diameter  inside,  and                   1  ▼ 
eight  inches  high,  placed  so  as  to  receive                   E  '| 
them,  and  containing  the  acidliquor  in- 
tended to  act  upon  the  zinc. 

(9.)  To  the  class  of  simple  galvanic 
circles  must  also  be  referred  the  magoi-  ' 

•  Stt  TTumuii'i  Annall  of  PMaUfltli.  nl.  ri. 
p.  »».'  Whil.lbeKp.jMwminlliepreMweii., 
H4tfuacd  fta  iirrpmbLe  l»ss  in  theiluihof  J>r.  Wo 
lutofl,  a  p1iilo<iaplur  vrho^v  unriTmUed  Kculen»»  • 
olmrMiUin,  KnmlnH.  of  jmlriiciit  "nJ  inltjriiji 

t  Silliiun-i  Jamnal.  iii.  IIU,  ud  ^luff  a/  PA 


stances,  silver.t  zinc,  and  wet  card,  de- 
noted by  the  letters  8.  Z,  and  W,  were 
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made  to  succeed  one  another  in  the  same 
regular  order  throughout  the  series. 
The  efficacy  of  this  combination  realized 
the  most  sanguine  anticipations  of  the 
discoverer:  it  far  e^tceeded  in  power  the 
single  circle  abeady  described.  If  the 
uppermost  disc  of  metal  in  Ihe  column 
be  touched  with  the  flngecof  one  hand, 
previously  wetted,  while  a  finger  of  the 
other  hand  is  applied  to  the  lowermost 
disc,  a  distinct  shock  ia  felt  in  the  arms, 
similar  to  that  from  a  I.eyden  phial,  or 
still  more  nearly  resembhng  that  from 
an  electrical  battery  weakly  charged. 
A  repefition  of  shucks  is  obtained  for  an 
indefinite  period,  whenever  the  circuit  is 
completed  by  touching  the  two  ends  of 
the  pile  with  the  moistened  fingers.  The 
strength  of  the  shock  is,  as  might  be 
expected,  greater  in  proportion  to  the 
number  of  plates  of  which  the  pile  b 
composed. 

rere  raised  to  any  consi- 
derable height,  it  would 
_  obviously  be  in  danger 
I  of  oversetting  :  this 
may  be  prevented  by 
placing  the  discs  be- 
tween    three    vertical 


into  two  thick  pieces  of 
wood,  one  of  which 
serves  as  a  base,  and 
the  other  as  a  cover  1o 
the  pile.    See^.  S. 

i(!l.)  Any  numljer 
of  these  piles  may  be 
comhmed  so  as  to  form  a  battery, 
by  making  a  metallic  communication 
Ijetween  the  last  plate  of  the  one  and 
the  first  of  the  next,  and  so  on ;  taking 
care  that  the  order  of  succession  of  the 

Elates  in  the  circuit  be  preserved  invio- 
ile,  Bs,is  shown  ia  Jig.  6,  where  the  dark 


If  the  pile  v 
ffe.  5. 


mw  be  arranged  in  a  form  somewhat 
different  from  the  preceding,  and  corre- 


ready  described  (f  4, 5),  In  this  new  ar- 
rangement the  metallic  plates,  instead  of 
being  piled  one  above  the  other,  are 
placed  side  by  side  in  a  vertical  position, 
and  combined  toother  in  piurs,  consist- 
ing each  of  one  zinc  and  one  copper  (or 
silver)  plate,  connected  at  their  upper 
edges  by  slips  of  metal,  passing  Eroin 
the  one  to  the  other.  A  sufficient  num- 
ber of  glasses  bemg  provided,  and  filled 
with  water,  or  some  acid  or  saline  solu- 
tion, they  are  to  he  placed  side  by  side, 
so  as  to  form  a  circle.  The  two  plates 
belonging  to  each  pfcir  are  then  to  be 
immersed  in  the  fluids  contuned  ui  two 
different,  but  adjoining,  classes ;  tlie 
line  plate,  for  instance,  m  the  first  glass, 
and  the  copper  in  the  second.  The 
plates  of  the  second  pair  must  be  im- 
mersed, in  a  similar  way,  in  the  second 
and  third  glasses  ;  and  so  on  successively 
throughout  the  series,  taking  care  to 
preserve  Ihe  same  order  of  alternation  in 
the  metals.  It  is  evident  that  liy  this 
arrangement,  (of  which  an  horizontal 
section  is  shown  in  ^.  7,  where  the  dark 
P<ig.7. 


Fig.  6, 


hnes  indicate  the  copper,  and  the  lighter 
lines  the  line  plates  in  each  pair,)  each 
vessel  will  contain  one  plate  of  zinc  and 
one  of  copper,  which,  as  tliey  belong  to 
different  pairs,  are  not  connected  toge- 
ther, ejcept  ttu-ougli  the  medium  of  the 
intervening    fluid    in    that   particular 

(13.)  The  first  apparatus  of  this  kind 

lines  represent  the  copper,  and  the  light    was  constructed  by  Voltn,  who  employed 

linos  the  linc  plates.  for  that  purpose  a  circular  *«es  of 

(12.)  The  cgmponeot  parts  of  the  pile    cups,  and  hence  gave  it  tbe  name  of 


iiized  by  Google 
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Couronne  de  tastes.  U  the  circuit  be  electricitv  from  the  wire,  is  the  negative 
interrupted  at  any  one  point,  by  remov-  pole.  The  same  observations  apply  to 
ing  one  or  more  ot  the  vessels,  the  ia-  the  galvanic  pile ;  the  lino  CDd  t)eiog  the 
stniment  is  rendered  similar  in  its  opera-  positive,  and  the  copper  (or  silver)  end 
tion  to  the  pile,  and  the  metallic  plates  the  nej^ative  pole. 
Bt  each  end  of  the  series  which  are  not  (IS.)  It  mul  be  perceived  that  the  de- 
immersed  in  fluid,  may  be  connected  to-  nominations  of  the  zmc  and  copper  ends 
gether  by  means  of  wires  in  order  to  ofthe  pileorcompound  battery,  asbeing 
complete  the  circuit.  Such  an  aiTan(;e-  positive  and  negative,  are  exactly  the 
raent  is  ithavvn  in  fig.  B,  where  the  linc  reverse  of  what  gbtuina  in  the  single 
w__8_  galvanic  circle,  where,  as  we  have  seen, 

it  is  the  copper  plate  which  is  positive, 
^     '  and  the  zinc  negative,  with  relation  to 

the  communicating  wires.  But  as  the 
direction  of  the  electrical  currents  is  the 
same  in  the  compound  as  in  the  simple 
circle,  this  contrariety  in  the  quahties  of 
the  poles  appears,  at  first  sight,  para- 
doxical. But  the  difficulty  vanishes 
when  we  advert  (o  tha  circumstance, 
that  in  the  simple  galvanic  circle  the 
_^_^^  conducting  wire  communicates  directly 

with  that  plate  whicli  is  in  contact  with 
and  copper  plates  are  marked  respec-  the  fluidpartof  the  apparatus;  whilein 
lively  with  the  letfen  Z  and  C :  and  the  the  compound  circle  it  proceeds,  not 
course  of  the  electric  fluid  denoted  by  from  the  plate  immersed  in  the  fluid,  but 
the  arrows.  from  that  wtiich  is  assooiafed  with   it, 

(I4.)lt  isalso  tobeobaerved,  that  in  and,  therefore,  of  a  different  kind.  The 
every  compound  galvanic  drole,  such  compound  circle  reduced  to  its  condition 
as  b  exemplifted  in  this  apparatus,  the  of  greatest  simplicity  would  be  repre- 
direction  of  the  electric  current  is  pre-  aented  by  tlie  following  wriea,  consisting 
cisely  the  same  as  in  a  simple  galvanic  of  five  paris,  namely, 
circle  composed  of  the  same  elements.  cupper — zine—Jiuid — copper — mine. 
In  the  present  case,  where  line  and  cop-     In  this  arrangement  the  copper  end  ii 

Ser  are  the  metals  employed,  and  the  negative,  and  the  linc  end  positive.  By 
uid  acts  upon  the  former  so  as  to  oxi-  merely  removing""  '"" ' — ---'-■-■—  • 
date  it,  a  stream  of  positive  electricity  is  which,  in  fact,  : 
continually  circulating  from  the  zinc  to  ■-•'■-  -"— •  — 
the  copuer  plate  contained  in  the  same 
vessel,  ttirough  the  oxidating  fluid  which 
separates  them ;  and  is  transferred  from  here  we  find  the  zinc  end  negative,  and 
the  copper  to  the  zinc  plate  contained  in  the  copper  end  positive.  It  is  highly  ne- 
the  next  vessel,  along  the  slip  of  metal  cessary  to  possess  clear  ideas  of  this  dif- 
which  connects  them.  FoUowing  its  ferenoe,  since  much  ambiguity  haa  arisen 
course  in  this  manner  to  the  end  of  the  from  inattention  to  it  in  describing  ex- 
series,  we  find  the  electric  current  pass-  periments,  and  reasoning-  upon  Iheir 
ing  on  from  the  Itot  copper  plate,  con-  results,  more  especially  in  tl-e  study  of 
tained  in  the  last  vessel,  to  the  zinc  electro-magnetism,  hereaAar  to  be  coa- 
plate  connected  with  it,  and  thence  con-    sldered. 

veyed  along  the  wires  of  communica-  (IC)  A  much  more  compendious 
tion,  round  to  the  copper  plate  at  the  form  may  be  given  to  a  battery  con- 
other  end  of  the  series.  The  direction  of  structed  on  the  principle  of  the  Cou- 
this  current  is  shown  in  the  figure  by  ronne  de  tasta,  by  employing  a  trough 
the  arrows  above  and  below.  It  is  evi-  divided  info  numerous  eompwlments  by 
dent,  therefore,  that  that  end  of  the  bat-  partitions,  tjie  whole  being  made  of  non- 
tery  which  is  terminated  by  a  line  plate  conducting  materials.  This  will  admit 
is  that  from  which  electricity  is  given  oftheplatesbeingbroughtnearertoeach 
outto  the  wire,  and  is,  consequently,  the    other,  and  of  a  much  greater  number 

positive  end,  or  pole,  as  it  is  called,  of — -^ — : 

the  battery.  For  the  same  reason,  the  *  Vola,  in  Mnfbnnii^  niih  tin  Hwrj  Wi  Ui 
opposite  end,  or  that  terminated  by  the  ^^I"ijr.:;;''%^,;''B.I™rt:iil^iJ;rriV^t 
copperplate,  aad  which  receivea  thfl    mrttrh:;jrr;X;ifu«^V.  ^ 
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being  contained  in  a  given  sp&ce.    The  plates,  and  each  plate  containing  thirty- 

line  and  copper  plates   are   united  in  two  square  inches.     The  whole  number 

pairs,  as  before,  by  a  slip  of  metal  pass-  of  double  plates  13  2000,  and  the  whole 

mg  from  the  one  and  soldered  to  the  surface  128,000  square  inches, 

other:  each  pairbein^  placed  so  as  to  (17.)  A  trough  battery  on  anotiier 

enclose  a  partition  between  them,  and  construction    was     invented    by    Mr. 

each  cell  containing  a  plate  of  zinc  con-  Cruickshanks,  and   is  represented    in 

necled  with  the  copper  plate  of  the  sue-  fig.  10.    Plates  of  zinc  and  of  copper, 

ceedingcell,  and  a  copper  plate  joined  /-^  10 

with  the  zinc  plate  in  the  preceding  cell.  *'      ' 
Such  an  apparatus  is  called  a  trough 
battery,  and  b  repreiented  in  Jig.  9. 
Fig.%. 


united  by  their  flat  surfaces  by  solder- 
ing, are  employed  t(<  form  the  partitions 
themselves,  and  are  fixed  into  grooves  in 
(he  sides  of  a  trough  of  baked  wood, 
' —  which  is  a  bad  conductor  of  electricity, 

so  as  to  leave  sufficient  intervals  to  hold 
small  quantities  of  fluid.  They  must,  of 
course,  t>e  arranged  so  that  all  the  zinc 

(  surfaces  shall  be  on  one  side,  and  all 

the  copper  surfaces  on  the  other.  The 
battery  is  charged  l)y  lilting  tlie  cells 
with  a  saline  solution,  or  with  dilute 
acid,  and  the  galvanic  circuit  completed 
TTie  trough,  T,  may  be  made  of  baked  ^y  bringing  Ihc  two  wires  proceeding 
mahogany,  with  partitions  of  dass  ■  f"""  "•«  ^^^^  *"*  "*«  battery  m  contact 
but  it  11  tound  more  convenient  to  con-  with  one  another.  The  lection.ylg.  11, 
struct  the  whole  of  one  material,  and  '^^-  '!• 

Wedgwood  ware  answers  best  for  this 
purpose.  Each  trough  is  usually  fitted 
up  with  ten  or  twelve  cells.  The  plates, 
P,  adapted  to  them,  are  connected  to- 
gether by  a  slip  of  baked  wood,  so  as  to 
allow  of  their  being  let  down  into  the 
cells,  or  lifted  out,  together,  A  further 
advantage  arises  from  this  construction, 
that  the  plates  and  the  fluid  being  inde- 
pendent of  each  other,  the  former  may 
be  readily  cleaned  or  replaced,  when 
worn  or  injured,  without  disturbing  the 
fluid :  and  the  latter  may,  in  like  man- 
ner, be  removed  and  changed  with  the 
utmost  facility.  A  number  of  these 
troughs  may  be  combined  with  great 
ease,  hy  connecting  together  the  termi- 
nal plates  of  the  »ljoining  troughs,  by 
slips  of  copper;  taking  care,  as  in  the 
case  of  the  pile,  (4  11.)  to  preserve 
throughout  the  whole  series  the  same 
order  of  alternation  in  the  plates,  by 
connecting  the  zinc  end  of  one  battery 
with  the  copper  end  of  tlie  next 

The  voltaic  batteiy  Iselonging  to  the 
Royal  Institution,  whick  is  of  immense 
power,  is  constructed  on  the  plan  above 
described,  and  consists  of  200  separate 
parts,  each  part  composed  of  ten  double 


will  tend  to  elucidate  the  principles  of 

ifs  action.  Troughs  of  this  construc- 
tion, however,  are  exceedingly  liable  to 
J^et  out  of  order,  from  the  action  of  the 
liquid  on  the  wood,  which  it  tends  to 
warp.  The  plates  require  to  be  fixed 
into  the  grooves  by  cement,  in  order  to 
render  them  water  tight ;  but  this  ce- 
ment is  apt  to  crack  from  the  warping 
of  the  wood,  and  other  causes,  and  the 
liquid  insinuating  itself  into  the  fissures, 
impairs  the  power  of  the  instrument  by 
destroying  the  insulation  of  the  cells. 

■<  1 B.)  The  power  of  a  battery  is  con- 
siderably increased  when  both  surfaces 
of  each  plate  of  line,  in  contact  with  the 
oxidating  fluid,  are  opposed  to  a  surface 
of  copper,  la  order  t9  BCCOffl^Ush  this. 
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it  will  be  MeceBsuy  fo  add  a  second    grooved.    A  dropof  tin  isnin  inlo  ea^ 

copper  plate  to  each  pair,  so  that  every  Tower  comer  to  render  the  cells  per- 
cell  may  contwn  one  zinc  and  two  cop-  feclly  tight.  Fig.  14  represenls  the  linc 
per  plates,  the  former  being  placed  be- 
tween the  latter.  This  plan,  which  was 
Huggesfed  by  Ur.  WoUaaton,  was  adopt- 
ed tiy  Mr.  Children  in  the  construction 
of  a  very  large  battery,  in  which  each 
plate  was  six  feet  lon^,  by  two  feet  eight 
inches  broad,  so  that  it  presented  tliirty- 
two  square  feet  of  surface.* 

(19.)  An  ingenious  application  of  this 
principle  was  made  by  Mr.  Hart  of 
Glasgow,  in  the  construction  of  a  gal- 
vanic battery,  requiring  no  other  ma- 
terial for  confining  the  fluid,  than  the 
metals    themselves     which     form    the 

to  enafcie  them  to  hold  the  acidulous    ?*>«  "^  ""'Pension.   ii>^.  la  u  a  section 
fluid  into  which  the  zinc  plates  are  im-  Pig-  15. 

mersed.    The  cells  are  formed  by  cut- 
ting a  sheet  of  copper  into  the  form 
shown  inj^'.  i2.t  They  are  then  folded 
Fig  12. 


line  plate  of  the  second,  and  s 
The  connexion  is  rendered  perfect  by 
joining  them  with  a  drop  of  solder. 
Each  zinc  plate  is  kept  firmly  in  its 
.  place  by  three  small  pieces  of  wood. 

1  m  Jig-  13,  and  (he  teams    The  whole  series  is  then  fixed,  by  a 


Fig.  13. 


181^p.363. 


tbe  cell  r^rmnttil 


R  qomd  (0  (HI 
mif.a. 


v-niits  filled  on  to  the  brass  w.. ..., 
to  a  bar  of  baked  wood,  previously  well 
vambhed.  When  the  battery  is  to  be 
used,  it  must  he  litled  off  the  frame, 
and  dipped  into  a  wooden  trough, 
lined  with  lead,  containing  the  acid.  It 
is  then  placed  on  the  frame  and  is  ready 
for  aclion.  Such  a  battery,  with  an 
equal  number  of  line  plates,  is  found  lo 

fiossess  considerably  greater  power  than 
he  best  batteries  of  the  ordinary  con- 
si  ruction,* 

(20.)  Various  conb^vanees  have  been 
employed  for  converting  a  compound 
voltaic  battery,  consisting  of  a  certain 
numtwr  of  alternations  of  plates,  into  a 

•  Einiviifi  Jnml  tf  Scinci,  It.  IS. 
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batterf  having  >  finaller' number,  or    Onthe  contrary.the  voHaie  batteryeon- 
even  into  one  corresponding  in  principle    tinues,  for  an  indefinite  lime,  to  develop 


to  the  simple  battery  with  a  single  .pair  and  supply  vast  quantities  of  electricity, 
of  plates,  such  as  the  calorimotor.  which,  far  from  being  lost  by  retumnifr 
These  changes  may  be  etfected  by  alter-    to  their  source,  circnlate  in  a  perpetual 


inft  the  connexions  of  the  plates,  and  stream,  and  with  undimished  force. 
uniting  several  plates  of  the  same  metal  The  effects  of  this  continued  current  on 
together,  so  that  they  may  act  as  only  the  bodies  subjected  to  its  actiont  will, 
one  plate;  oriftheeflectof  aealorimolor  therefore,  i)e  more  definite',  and  will  be 
be  desired,  connecting  all  the  zinc  plates  constantly  accumulating ;  and  their 
together,  and  also  all  the  copjier  plates,    amount  will,  in  process  of  time,  be  ia- 

..._.  ..     _i..i_  __■.  -_!..  -J  j^    comparably  greaterthan  evenUiose  of 

the  ordinary  electrical  explosion.    We 

■hall  accordingly  find  that  changes  in 

the  composition  of  bodies  are  effected 

CHAPTER  IV  by  galvanism  which   can    be  fl«!om- 

plisheil  by  no  other  means.      Hence 

Bffecli  of  Galvanum.  may  be  conceived  the  advantages  which 

have  accrued  to  science  from  the  ac- 

C2I,)    Thbrb  are  three  principal  cir-    quisition  of  an  instrument  of  such  vast 

cnmstances    in    which    the    electricity    power,  and  admitting  of  such  extensive 

produced  by  the  voltaic  battery  differs     application  in  the  wide  field  of  chemical 

from  that  obtained  from   the  ordinary     research. 

electrical  machine;  first,  the  veiy  low  H  will  be  convenient  to  study  the 
degree  of  intensity  in  which  it  exists  in  efl^ects  of  galvanism  in  their  relation  to 
the  former,  when  compared  with  the  the  three  circumstances  which  have 
latter ;  secondly,  the  very  large  quantity  been  noticed  as  characterizing  its  ope- 
of  electricity  which  is  set  in  motion  by  ration  when  contrasted  with  those  of 
^  the  voltaic  battery ;  and  thirdly,  the  ordinary  electricity. 
^Mmitinuity  of  the  current  of  voltaic  elec- 

tnSi  and  iU  perpetual  reproduction,  51,  Ordinary  Blectriecd  tWecU  re- 
even  frtiile  this  current  is  tending  to  ttUlingfivm  Gaivanitm. 

restore  the  equilibrium.    The  efieots  of 

the  voltaic  pile  have  been  compared  by  (22.)  The  degree  of  intensity  in  which 
the  inventor  of  that  instrument  to  those  the  electricity  developed  by  a  single 
of  an  electric  batlew  of  large  dimen-  galvanic  circle  exists,  is  so  extremely 
sions,  but  charged  only  to  a  low  degree ;  low,  that  its  action  produces  none  of 
in  which  case,  as  appears  from  what  has  the  usual  phenomena  exhibited  by  the 
already  been  said  on  this  subject  in  the  common  electrical  machine.  Even  from 
Treatise  on  Electricity,  a  large  quantity  the  largest  calorimotor  that  has  yet 
of  electricity  may  be  contained,  with  a  been  constructed,  it  is  not  possible  to 
very  small  tendency  to  escape,  or,  in  obtain  indications  of  electrical  attraction 
other  words,  with  a  very  feeble  in-  and  repulsion,  such  as  are  given  by  the 
tensity.  The  comparison  is,  in  many  feeblest  degree  of  excitation  to  a  piece 
respects,  just;  but  it  fails  in  regard  to  of  sealing-wax.  With  afew  alternations 
the  third  property  we  have  noticed  as  of  plates  and  interposed  fluid,  as  in  the 
belonging  to  the  voltaic  apparatus  :  jiile  or  trough  battery,  electrical  indica- 
namely,  the  continuity  of  the  current  tiona  may  be  obtained,  by  means  of  .an 
arising  from  its  perpetual  reproduction  ordinary  condenser.  It  is  necessary  in 
and  circuleUion.  these  experiments  to  advert  to  the  dis- 

However  considerable  may  be  the  linction  already  pointed  out  (j  IS.)  be- 
power  collected  in  a  highly  chained  tween  single  and  compound  circles  as 
electric  battery,  (he  whole  of  that  power  to  the  denomination  of  the  extremities 
is  at  once  expended  as  soon  as  the  cir-  or  poles  of  the  battery.  In  the  com- 
cuit  is  completed.  Its  action  may,  while  pound  circles  the  zinc  side  is  found  to 
if  lasts,  be  sufficiently  energetic;  but  it  be  positive  and  the  copper  negative.' 
is  exerted  only  for  an  instant ;  and,  like  When  fifty  pairs  of  plates  are  employed, 
the  destructive  operation  of  lightning,  a  delicate  ^Id-leaf  electrometer  will  be 
can  effect,  during  its  momentary  pas-  affected, without Iheaidofthecondenser, 
sage,  only  sudden  and  violent  changes,  and  with  a  series  of  one  thousand 
which  it  is  beyond  the  power  of  the  groups,  even  pith  balls  are  made  to 
cxperimcntaUjt  ,to  regulate  or  control,    direige.    Is  onl«r  to  exhibit  these  ef- 
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fecta,  tlie  wire  proceeding  trom  one  ex-  of  Btnill  particles  of  iron  in  a.  state  of 

tremity  of  (he  battery  should  be  con-  intense  combustion.    With  a  series  of 

necled  with  the  foot  of  the  electrometer;  one  thousand,  each  discharge  ii   at- 

while  the  wire  proceeding  from  the  op-  tended  with  a  sharp   sound,   and  will 

posite  extremity  is  made  to  touch  tne  bum  ttun  metallic  leaves.    This  is  the 

cap.    It  was  by  means  of  the  revolving  more  remarkable  as  the  same  voltaic 

doubler  i.sec   Electricity,  }  195.)  that  battery  may  not  have  sufficient  power 

the  electrical  states  of  the  two  ends  of  to  produoe  these  effects  by  itself,  or  un> 

the  voltaic  pile  were  first  ascertained  by  connected  with    an  electrical  batteiy. 

Messrs.  Nicholson  and  Carlisle.*  The  shortest  possible  contact  with  the 

(230  Since  the  ends  of  the  two  wires,  voltaic  battery  is  suCBcient  for  ^ving 

which  proceed  from  the  two  poles  of  the  whole  of  the  charge  which  it  is  ca- 

tlie  voltaic  battery,  are  in  opposite  states  pable  of  communicating.     This  was  ap- 

of  electricity,  we  might  naturally  expect  parent  in  some  experiments  made  by- 

that  they   would   attract   one   another.  Van  Marum  and  Pfaff  with  a  battery 

Such  an  attraction  actually  does  take  having  1374  sguare  feet  of  coated  sur- 

Elace,  as  Biot  found  by  experiment  jf  face,  and  which  was  charged  to  the 

ut  it  does  not  become  sensible,  unless  same  degree  of  intensity  as  the  pile  with 

a  battery  composed  of  a  great  number  which  it  was  made  to  commumeate,  by 

of  plates  is  employed.  a  contact  which  did    not  last  for  tiw 

(24.)  The  genera]  conclusion  dedo-  twentieth  part  of  a  seoond.* 

cible  from  the  facts  that  have  now  lieen  ,  „     ,                 „.  .     ,  .-,  , 

statftl,  is  that  the  intensity  of  the  dec-  S  3-    Lumitwiu  effeeU  qf  Gofoomw. 

tricity  developed  by  galvanic  combina-  (26.)  It  ia  only  when  the  elechicity  of 

tiona  is  increased,  according    as    the  a  voltaic  battery  possesses  a  sufficient 

number  of  alternations  in  the  elements  intensity,   that  it   beoomes  capable  of 

which  compose  them  is  greater,  and  passing  through  air.    With  the  caio- 

that  it  bears  no  proportion  to  the  mag-  rimotor  tlie   intensity  is  too  feeble  to 

nitude  of  their  surfaces.  enable  it  to  h-averse  the  smallest  per- 

(25.)  If  the  voltaic  battery  be  of  suf-  cepiible  interval  between  metallic  con- 

ficient  size,  iU  electridty  may  be  trans-  duotors,  so  that  they  must  be  brought 

». — I .. „f„...:„.i  !,„.. —  jjjj^  actual,  or  at  least  apparent,  coft- 

fact,  before  any  sensible  effect  ia  pro- 
duced.   In  a  pile  or  trough  battery,  on 

is  necessary  for  this  purpose  than  to  the  otherhand.composedof  aconsider- 

eonneot  the  outer  and  inner  coatings  of  able  number  of  alternations  of  plates, 

the  electrical  battery,  respectively,  wiih  on  bringing  together  the  wires  from  the 

the  two  poles  of  the  voltaic  battery;  opposite  poles,  the  transfer  of  electricity 

when  the  charge  will  be  instantly  com-  begins  while  they  are  yet  at  a  sensible 

municated  to  the  former.    If  on  re-  distance  from  one  another :  and  as  in 

moving  it  from  the  voltaic  battery  this  the  case  of  onlinaiy  electricity,  this  tran- 

clectricitj'  be  discharged,  and  tlie  same  ait  through  the  air  is  accompanied  by 

communications  be  renwed,  a  similar  vivid  lighL    The  sparks  occur  every 

charge  will  agwn  be  received  ;  and  the  time  the  contact  between  the  wires  is 

same  process  may  be  repeated  an  in-  broken,  as  well  as  when  it  is  renewed, 

definite  number  of  tiroes.     It,  instead  This  phenomenon,  which  doea  not  (ate 

of  removing  the  electrical  battery,  we  place  with  the  electricity  furnished  by 

allow  it  to  remain  connected  with  tlie  tlie  ordinary  means,  is  characterislic  of 

voliaic  battery,  a  rapid   succession  of  voltaic  electricity,  and  is  a  consequence 

sparks  may  be  obtained  from  it  by  con-  of  its  continuous  supply.     The  stream 

neutJng  a  wire  with  the  outer  coaling,  continues  to  flow,  notwithstanding  the 

and  repeatedly  striking  the  knob  of  the  interruplJon  to  the  line  of  circuit,  and 

phial  with  the  other  end  ot  the  wire.    If  as  long  as  the  conductors  remain  within 

the  series  of  plates  in  the  voltaic  battery  the  striking  distance ;  and  although  this 

consist  of  tliree  or  four  hundred  alter-  happens  only  for  in  instant,  there  is 

nations,  these  rapid  explosions  are  so  gtifi  sufficient  time  for  the  84>pearanc8 

powerful  as  to  ignite  the  end  of  the  wire,  of  a  spark. 

if  it  be  of  iron,  and  to  cause  it  to  throw  (27.)  The  most  splendid  exhibition  of 

off  an  abundance  of  sparks,  consisting  elechic  light  is  that  ot>tained  by  placing 

-  pieces  of  charooal,  shaped  Uke  a  pencil 
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at  Ihe  ends  of  the  (wo  wires  in  the  inter-  became  intensely  ipiitedf  and  some  pla- 
rupted  circuit,  and  bringing  their  points  tina  wire  attached  to  it  melted  with 
into  contact.  When  the  experiment  bright  scintillations,  and  fell  down  in 
was  tried  with  the  powerful  batterjr  of  large  globules.*  Abattery  of  a  hundred 
Ihe  Rflval  Institution,  already  noUced  pair  of  plate*  of  iix  inche*  jquare  will 
{j  16.),  a  bright  spark  passed  between  suffice  to  exhibit  these  phenomena  on  a 
the  two  points  of  charcoal,  when  thev  smaller  scale.  Charcoal,  carefully  pre- 
came  within  the  distance  of  the  thirtieth  pared  from  some  of  the  harder  woods, 
or  fortieth  of  an  inch;  and  immediately  such  as  beech,  lignum  vita,  or  box 
afterwards  more  than  half  of  each  pen-  wood,  answers  best  for  these  eiperi- 
ci!  of  charcoal,  the  length  of  which  waa  ments.  The  arched  form  of  the  stream 
one  inch,  and  the  diameter  one-sixth  of  of  light  passing  between  the  two  char- 
an  inch,  became  ignited  to  whileneis.  coal  points  is  perceptible  even  when  the 
By  withdrawing  the  points  from  each  points  are  within  half  an  inch  of  each 
other,  a  constant  discharge  took  place  othw.  ,.,,,,  ^  .  , 
through  the  heated  air,  in  a  space  at  The  light  obtained  by  voltaic  elec- 
least  equal  to  four  inches,  forming  an  trinity  in  the  manner  now  described 
arch  of  light  in  the  form  of  a  double  exceeds  in  intensity  ariy  other  that  art 
oone,  of  considerable  breadth,  and  of  can  produce.  It  often  exhibits  in  suc- 
the most daiding brilliancy.  Thisphe-  cession  a  variety  of  the  prismatic  co- 
nomenon  is  represented  m;fe.  16;  in  loursj  and  supplies  some  of  the  rayi 
which  are  deficient  in  the  solar  t)eams. 
j;^,  ]fi.  It  is  so  daiiling  aa  to  fatigue  the  eye 
even  by  a  momentary  impression  ;  and 
it  effaces,  t>y  its  superior  lustre,  the 
li^ht  of  lamps  in  an  apartment  other- 
wise brilliantly  illuminated,  and  which, 
on  the  sudden  cessation  of  the  galvanic 
light,  appears  for  a  short  time  as  if  left 
in  darkness.  It  is  a  light  which  so 
nearly  emulates  the  brightness  of  tlie 
irhieh  W.  X,  are  the  conducting  wires  "un's  rays,  as  to  be  applicable  for  the 
somraunieating  with  the  ends  of  the  purpose  of  illummating  objects  in  a 
battery;  C,  C,  the  pieces  of  charcoal,  solar  microscope;  and  even  with  the 
ind  A  the  luminous  arch  of  electrical  magiclantem  it  ha»  baen  found  capable 
Ughl,  making  Uie  passage  of  elechicity  of  exliibiling  on  a  large  scale,  aa  was 
through  the  air.  When  any  substance  dona  by  Mr.  W.  Allen  in  his  lectures. 
was  introduced  into  this  arch,  it  in-  all  the  pleasing  and  endless  variations 
stantly  became  ignited:  platina  melted  of  the  kaleidoscope. 
in  it  as  wai  in  the  flame  of  a  candle  :  (38.)  The  employment  of  charcoal  in 
some  of  the  more  reftactory  siibslancei,  these  experiments  might  lead  to  a  sus- 
as  quartz,  Ihe  sapphire,  magnesia,  and  pioion  that  the  light  might,  m  part  at 
lime  all  entered  into  fusion  :  ftagments  least,  arise  fl-om  combustion ;  but  many 
of  diamond,  and  points  of  charcoal  and  oironmstances  concur  to  prove  that  it  is 
of  plumbago  quickly  disappeared,  and  quite  independent  of  this  cause.  During 
aeemcd  converted  into  vapour,  even  the  continuance  of  the  light,  alfhough 
when  the  connection  was  made  in  highly  the  charcoal  be  in  a  state  of  ignition,  yet 
rarefied  air,  and  apparenlly without  hav-  it  sufTers  but  little  loss  of  weight.  The 
in"  undergone  previous  fusion.  When  light  is  evolved  with  equal  splendour 
the  pieces  of  chareoal  were  placed  in  when  the  experiment  is  made  m  gases 
the  receiver  of  an  air-pump,  in  propor-  that  contain  no  oxyjfen,  such  m  aiote 
tion  as  the  air  was  abstracted,  the  dii-  or  chlorine,  and  in  which  therefore  com- 
tance  at  which  the  discharge  took  place  bustion  could  not  be  maintained :  and  it 
increased  :  and  when  the  height  of  the  is  moreover  found  that  during  tlie  igni- 
mercury  in  the  barometrical  gage  was  tioii,  neither  the  gas  nor  the  charcoal 
only  one  quarter  of  an  inch,  the  sparks  has  undergone  any  chemical  ohangcf 
were  nearly  half  an  inch  in  length  ;  and  IJght  from  voltaio  electrioily  may  also 
by  then  vrithdrawing  the  points  firom  be  obtained,  though  with  diminished  in- 
each  other,  the  discharge  passed  through      ■ : 

a  space  of  six  or  seven  inches,  pro-  *  I"*'^''  "♦"•••  •/  CAmtoar  FUhufig,  f. 
ducing  a  most  brilliant  coruscation  of  ,  cuidwn,  P*ito.»*ici>J  Tranttlm  bt  ISUt 
purple  light.  The  whole  of  flie  charcoal    p.3n    ■    '  ■ 
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tensify,  under  water,  alcohol,  ether,  oils,  produced  by  llie  passage  of  voltaic  elee- 

Riid  other  fluids  of  inferior  conducting  tricitythroughmetallLowirea,  when  their 

power.  >izB  B^d  length  ore  properly  propor- 

.  ,     r>  ^T  ^'        t  iT„j  t.   /^.j ■  _.  tinned  to  the  liind  of  apparatus,  and  to 

}  3.  £rt./«hon  oSReai  by  (5oteaw«m.  ^^^  ^^^^^^^  ^j  dedriclluid  th^  have 

(29.)  The  evolution  of  heat  a  one  of  to  convey.  Iron  wire  is  in  general  easy 
the  efiects  which  accompany  the  action  to  ignite,  and  is  often  fused  into  ^o- 
of  the  voltiuc,  as  well  as  of  the  electric  bules;  and  steel  wire  is  made  to  bum 
battery  j  but  there  is  a  remarkable  dif-  with  a  rapid  and  brilliant  combuslion. 
ferencemlheciroumstanceswhichfavouT  A  wire  of  platina,  a  roefal  not  snscepli- 
its  production  in  the  two  cases.  In  the  ble  of  being  acted  on  by  the  air,  may  \ie 
common  electrical  apparatus,  heal  is  not  kept  at  a  red,  or  even  white  heal,  for  an 
sensibly  evolved  where  the  electricity  indefinitelenjthof  lime,  by  voltaic  elec- 
rooves  with  perfect  freedom,  but  only  trieity.  As  long,  indeei,  as  the  battety 
when  some  resistance  is  opposed  to  its  retains  its  power,  there  anpears  to  be  no 
passage,  and  when  there  is  a  sudden  limit  to  the  continual  evolution  of  heat 
restoration  of  its  equilibrium  accora-  (33.)  The  order  in  whieh  the  different 
panied  wilh  light  and  sound.  But  in  metals  are  raised  to  a  red  heat  by  the 
the  voltaic  battery,  an  elevation  of  tem-  action  of  galvanism,  was  aaceitained  by 
perature  is  observed  to  take  place  when  Mr.  Children,  with  the  ud  of  a  very 
the  drcuit  remains  complete,  when  no  powerful  apparatus  of  his  own  con- 
light  b  evolved,  anil  when  the  stream  struction,  to  oe  as  follows,  namely,  pla- 
of  electricity  is  conducted  in  the  most  tina,  iron,  copper,  gold,  lioc,  silver, 
silenl  manner.  That  the  mere  passage  Between  copper  and  gold  the  difference 
of  voltaic  electricity  through  bodies  is  inconsiderable;  and  with  regard  to 
raises  their  temperature,  is  proved  by  platina  and  iron,  their  relative  places  in 
making  a  wire,  forming  part  of  the  cir-  the  scale  seem  to  depend  upon  the  tera- 
cuit,  pass  through  a  kocwn  quantity  of  perature  acquired.  The  relations  of  tin 
water,  contained  in  a  vessel,  witii  a  and  lead  to  the  other  metals  could  not 
thermometer  immersed  in  the  fluid.  The  be  ascertained  in  these  experiments,  on 
heat  acquired  by  the  water  soon  bft-  account  of  their  melting  before  they 
cornea  sensible  by  the  rise  in  the  ther-  could  be  raised  to  a  red  heat.  A  twau- 
mometer,  which  even  attains  the  boiling  tiiul  illustratian  of  the  difference  exist- 
point  ;  and  the  water  continues  in  ebut-  ing  in  metals  as  to  their  capacity  of 
lition  as  long  as  the  experiment  is  con-  ignition,  is  obtained  by  placing  in  the 
linued,  circuit  a  wire  or  chain  composed  of 

(30.)  The  drculation  of  voltaic  elec-  alternate  portions,  or  links  of  platina 

trieity  produces  an  elevation  cf  terope-  and  silver  soldered  together ;  it  will  then 

rature,  not  only  in  that  part  of  the  he  fcund  that  the  sUver  links  are  not 

circuit  which connectstogelWthepoles  sensibly  heated,  while  all  those  of  pla- 

of  the  battery,  but  also  id  the  battery  tina  become  equally  and  intensely  ig- 

itself,  every  part  of  which,  both  the  nited. 

plates  of  metsi  and  the  fluid  in  the  cells,  (33.)  It  would  appear  that  the  heat 

become  heated  when  the  apparatus  is  poduced  by  the  voltaic  battery  is  more 

in  an  active  state.    But  the  elevation  of  intense  than  can  be  excited  by  anv  other 

temperature  is  found  not  to  be  equal  process.      In   the  experiments  detailed 

throughout  the  series ;  and  the  diner-  by  Mr.   Children,*  the  action  of  his 

ence  is  dependant  on  causes  which  have  powei-ful  apparatus  raised  to  a  red  heat, 

not  yet   been    accurately    determined,  visible  in  full  daylight,  the  whole  ot  a 

Mr.  John  Murray  found  a  gradual  in-  wire  of  platina,  one  tenth  of  an  inch  in 

crease  of  temperature  in  the  successive  diameter,  and  five  feet  and  a  half  in 

cells  from  the  negative  to  the  positive  length.    It  also  effected  the  fusion  of  a 

pole  ;  and  when  a  number  of  differer.t  vanely  of  substances  on  which  the  heat 

troughs  were  joined  together,  the  cells  of  the  best  wind-furnaces  makes  no  ira- 

at  the  extremities  of  each  were  less  pressior 

heated  than  those  towards  the  middle ;  (34.)  When  very  thin  metallic  leaves 

the  maximum  of  heat  was  at  a  part  are  placed  in  the  electric  current  ot  a 

situated  nearer  to  the  positive  pole ;  and  powerful  voltaic  l)attery  they  take  fire, 

the  temperature  nudually  niminished  and  by  continuing  the  action,  may  tie 

in  the  direction  of  me  n^ative  pole.*  made  to  bum  with  great  brilliancy.    In 

<31.)  IgniUon,  in  various  degrees,  is    —  -    — , --; - — 
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order  lo  cKhihit  these  eS^ts,  the  me-  ^pears  to  forca  for  itself-  a  passage 
tullic  leaves  shguld  be  suspended  to  a  through  every  obstacle ;  while  the  heat 
lient  wire  proceeding  from  one  exfre-  which  occasionaUv  manifests  itself  dur- 
mity  of  the  battery,  and  then  a  liroad  ing  this  sudden  effect,  seems  as  if  it  were 
metal  plate  c-onnected  with  the  opposite  merely  the  effect  of  the  compression  and 
e«lreinity  should  be  gradually  brought  collision  of  the  particles  which  are  thus 
near  to  them  till  contact  is  produced,  forcibly  impelled.  But  the  elevation  of 
The  biillinncy  of  tlie  effect  is  heightened  temperature  which  accompanies  the 
by  ooverinu  the  plate  with  gUt  foil,  passage  of  voltaic  electricity,  on  the 
Gold  leaf,  thus  treated,  bums  wilh  a  contrary,  appears  to  be  its  unm^iliate 
vivid  white  light  tinged  with  blue,  and  and  direct  effect;  for  the  mechanical 
m^uces  a  dark  pm^le  or  brown  oiide.  texture  of  the  sutistance  which  conveys 
Silver  leaf  gives  out  a  tiriUant  emerald  the  electricity  remains  unaltered.  If 
green  light,  and  leaves  an  oxide  of  a  electricity  in  its  common  form  possess 
dark  grey  colour.  Copper  produces  a  any  power  of  igniting  bodies,  its  opera- 
bluish  white  light,  accompanied  with  tion  is  too  transient  and  momentary  to 
red  sparks  ;  its  oxide  is  dark  brown.  Tin  produce  any  extensive  efiect-i  and  its 
exhibits  nearly  the  same  phenomena,  tendency  is  rather  to  separate  and  dis. 
excepting  that  its  oxide  is  of  a.  lighter  perse  the  body  into  minute  fragments, 
hue.    Lead  burns  with  a  beautiful  pur-  than  to  unite  the  particles  into  globules 

(lie  light ;  and  zinc  with  a  vivid  white  by  fusion.     We  have  seen  that  charcoal 

ight,  inclining  to  blue,  and  fringed  with  is  very  readily  ignited  by  galvanism,  but 

red.      For  the  distinct   appearance  of  it  will  sustain  a  strong  discharge  from 

these  colours,  it  is  necessary  that  the  an  electric  battery  without  any  percepti- 

contacts  should  be  made  witti  a  metal,  ble  rise  in  its  temperature;  nor  is  it 

and  not  with  charcoal ;  for  the  intense  possible  to    ignite  it  by  tliis   means, 

white  light  emitted  by  the  lalter,  would  Whether  reduced  to  fine  powder,  or  cut 

overpower  the  peculiar  colours  arising  into  thin  plates,  or  made  to  taper  to  a 

from  the  combustion  of  the  metal.*  point,  it  resists  all  attempts  to  raise  it  to 

(39.)  A  t)eautifiil  effect,  noticed  by  a  red  heat,  or  even  to  impart  to  it  any 

Van  Marum,  is  produced  by  connecting  sensible  warmth,  though  subjected  lo 

a  slender  iron  wire  with  one  of  the  poles  the  action  of  the  most  powerful  battery 

of  a  powerful  voltaic  battery,  and  tn-ing-  that  has  yet  Ijeen  tried.     Even  when  nn 

ing  its  end  in  contact  with  the  surface  apparent^  continuous  stream  of  electri- 

of  some  mercury  connected  with  the  city,  obtwned  from  a  large  electrical 

other  pole.     Vivid  combustion    takes  machine,  was  made  to  pass    throurrh 

place  both  in  the  mercury  and  in  the  pointed  wires  coated  with  spermaceti,  no 

wire  ;  giving  rise  to  an  abundant  emis*  part  uf  the  spermaceti  was  melted, 
gion  of  sparks,  and  appearing  like  a  star 

or  sun  Aspersing  thousands  of  rays  on  ^  4.  Eleetro-Mi^Ttetie  EJeeU  uf  Qal- 

every  side.    This  splendid  spectacle  may  vanum, 
be  prolonged  at  pleasure,  by  taking  care 

to  continue  the  depression  of  the  iron  (38.)  We  must  rank  among  the  more 

wire,  in  proportion  as  the  metallic  par-  remarkihle  of  the  physical  effects  pro- 

ticles  are  dispersed  by  the  combustion.  duced  by  the  transit  of  voltaic  eleofricity 

(3G.)    Inflammable  bodies,  such  as  through  conducting  bodies,  the  indue- 

oils,  alcohol,  ether,  and  naphtha,  are  tion  of  magnetism  in  iron,  and  the  influ- 

easily  inflamed  by  means  of  galvanism,  ence  exerted  on  bodies  which  possess 

when  charcoal  points  in  the  circuit  of  magnetic  properties.    But  as  ti.        "iy 

thfc  battery  are  brought  near  each  other  ofthe  connections  wliich  subsist  between 

on  the  surface  of  these  fluids;  and  gun-  these  phenomena   implies  a  previous 

powder  may  readily  be  made  to  explode  knowledge  of  magnetism,  and  consti- 

under  the  same  circumstances.  tufes,     indeed,    a    distinct    branch    of 

(37.)   The  difference  in  the  operation  science,  it  will  be  proper  toreserve  their 

of   voltaic   and    ordinary   electricity  is  consideration  for  a  future  treatise.     It 

veiTmanifestintheirmechanicalefiects.  may  be  as  well,  however,  to  remark 

The  forcible  sepnralion  of  the  particles  in  this  place,  that  the  discoveiy  of  the 

of  bodies,  and  destruction  of  their  cohe-  electro -maenetic  effects  of   galvanism 

■ion,  characteriie  more  especially  the  have  furnished  us  with  the  most  delicate 

elecbical  exploNOn,  in  which  the  fluid  tests  for  delecting  very  minute  portions 

.  of  vultaic  electricity,  so  that  many  of  the 

•  8iD(ii-i  Eimiiu  «/*inrWi!i/y.p.  ios,  results  Of  simple  galvanic  ammgeioenta. 
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to  be  here&fta- mentioned,  have  been  ob-  thim  it  did  befare;  uid  in  the  leeond 

tained  by  magnetic  galvuiometert.  plaoe,  it  will  not  be  aoeompanied  by  the 

,      .    ,    ■            .J  *  J  !_.  evolution  of  the  lame  quarlityofhydro- 

j  S.    Cbameal  clumgei  ^tctn  o»  gen  kb»  from  the  oxidating    surface. 

Galvtmum.  5^ere  „il,_  indeed,  be  a  diKengagement 

(39.)  In  the  Treatiie  on  BlMtHoity,  of  hydrogen  from  the  whole  fluid,  in 
■oraeof  the  chemical  changes  which  re-  quantity  exactly  eoireHponding  to  that 
lult  from  the  operation  of  Ihif  agent  in  of  the  oxygen  derived  from  the  water ; 
itsordinary  form  were  noticed;  wider-  but  the  greater  part  of  this  hydrogen 
perimentiweredescribedinwhiohwatN',  will  now  niake  its  appearKnoe  on  the 
and  a  few  laline  bodies  were  decompoiad  surface  of  the  copper  plate,  whence  it 
by  a  luoQesEion  of  electria  discharvea  will  ariseinaoopiousilreamofbubbles. 
from  a  powerful  machine.  But  the  But  stitl  the  copper  will  itaclf  remain 
power  of  galvaniim  to  eSect  changes  in  apparently  unafrected  bv  this  change  in 
the  composition  of  bodies  subjected  to  me  circumitances  of  tne  experiment. 
its  action  is  incomparably  greater;  and  In  proceHoflime,  indeed,  when  a  con- 
its  application  has  led  to  a  series  of  dis-  aiderable  proportion  of  Hulphate  of  sine 
OOTenes  which  constitute  a  new  era  in  has  been  dissolved  in  the  fluid,  the 
otiemistry,  and  rank  among  the  moat  quantity  of  disengaged  hydrogen  is 
InilUant  in  the  anoals  of  physical  found  gradually  to  diminish,  and  a  thin 
science.  film,  composed  partly  of  metallic  line 

(40. )Thechemicaiagency  of  galvanism,  and  partly  of  filaments  of  oxide  of  zinc, 
unlike  its  power  of  eliciting  heat,  is  is  deposited  on  the  surface  of  the  cop- 
manifested,  not  wliile  it  is  traveraing  per;  as  soon  as  this  hi^pens  the  gal- 
substances  of  great  conducting  powera,  vanic  action  ceases. 
but,  on  the  conlraty,  when  it  meets  with  (42.)  If  an  acid,  such  as  the  nitrio 
impedimenta  to  its  passage ;  and  it  ii  acid,  capable  of  acting  upon  the  copper, 
exerted  chiefly  on  substances,  generally  aa  well  aa  upon  the  ainc,  be  empkjyed 
fluids,whichconvey  electricity  only  par-  instead  of  tne  sulphuric  acid,  similar 
tialiy  and  imperfectly.  That  we  may  phenomena  will  take  place,  with  this 
acquire  clear  ideas  of  the  connection  of  additional  circumatance,  that  the  action 
the  chemical  phenomena  relating  to  gal-  of  the  acid  upon  the  copper  will  cease 
vanism,  it  wm  be  necessary  to  trace  the  instant  the  galvanic  circuit  is  com- 
them  from  their  origin,  uid  attend  to  pleted:  and  instead  of  nitrous  gas  being 
what  takes  place  in  the  amplest  gal-  formed  un  the  aurtace  of  the  copper, 
vanic  circle  composed  of  two  dissimilar  which  happens  before  the  circuit  is 
metals  and  an  interposed  fluid.  formed,  oiJy  hubbies  of  pure  hydrogen 

(41.)  If  a  plate  of  zinc,  and  anotho'  will  make  their  appearance ;  and  the 
of  copper,  be  immersed  in  very  dilute  copper  la  protected  from  all  further 
aulphuric  acid,  without  touohing  or  action,  the  zinc  being,  aa  in  the  former 
communicating  with  each  other,  the  case,  oxidated  and  dissolved  with  addi- 
zinc  will  be  acted  upon  bv  the  acid ;  tional  energy.  It  is  on  this  principle 
part  of  the  water  will  be  oeoomposed,  that  Sir  H.  Davy  has  aflected  the  pro- 
its  oxygen  combining  with  Iha  zinc  and  teclion  of  the  copper  sheeting  of  snips 
formingoxide  ofzinc;  and  its  hydrogen  from  the  corrosion  of  sea  water,  by 
will  be  disengaged  in  the  form  of  gaa  placing  in  contact  with  it  pieces  of  zinc 
from  the  surface  of  the  lino  plate.  The  or  iron,  on  which  sea  water  exerts  a 
oxide  of  line,  in  proportion  as  it  is  pro-  greater  chemical  action  than  on  copper, 
duced,  will  be  dissolved  by  the  acid.  See  PhQ.  Trans,  for  1824,  p.  ISl,  and 
thereby  forming  sulphate  of  xinc.  The  242 ;  and  for  1823,  p.  328. 
plateofcopper,whicnhasbeenimmersed  (43.)  In  compound  voltaic  batteries, 
in  the  same  fluid,  will,  during  all  this  the  same  chemical  changes  which  have 
time,  have  undergone  no  change ;  the  been  just  described  as  occurring  in  the 
acid, in  its  diluted  state.beingincapable  simple  galvanic  drcle,  take  place  in 
of  acting  upon  it  But  if,  while  the  each  of  the  portions  of  fluid  intervening 
above  process  is  going  on,  the  metals  be  in  the  compartments  between  the  plates, 
brought  into  contact,  either  directly,  or  (44.)  The  chemical  agency  of  galva- 
by  the  intervention  of  soma  metallic  in-  nism  is  exerted  in  a  no  less  remarkable 
termedium,  the  following  changes  will  manneronHuidconductorsplaced  inihe 
ensues  In  the  first  place,  the  oxidation  circuit  between  the  poles  of  the  batteiy. 
aiid  solution  of  the  zinc  will  proceed  Amon^  the  siniplest  of  its  effects  is  the 
with  much  greater  rapidity  and  energy  resolution  of  ivaler  into  its  two  gueoui 
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elamenti,  ozvi;cn  tiTiiI  hydrogen.  The  passed  through  the  clowd  eitremily; 
diicoveiy  of  tnii  fact  IB  due  to  the  united  and  descending  nilhin  it  through  its 
researches  of  the  late  Mr.  Nicholson  and  whole  length.  The  open  ends  are  then 
of  Mr.  <now  Sir  Anthony)  Carlisle,  and  to  be  placed  as  near  to  each  other  ai 
was  one  of  the  immediate  consequenoea  their  position  in  the  water  will  allow  ■ 
of  the  invention  of  tlie  pile  by  Yalta.  and  the  wires  are  to  be  connected  re- 

(45.)  The  most  convenient  mode  of    spectively  with  the  opposite  poles  of  a 
exhibitinglhedecompOKitionof  water  by    voltaic  battery.     Gas  will  ini mediately 
Kstvanism  is  to  fill  with  water  a  elais    be  seen  to  ri«e  ftvm  each  of  the  wires 
lube,  (see y^.  17.)  to  each  end  of  which    but  in  difterent  quantities.    The  tube 
Fig.  17.  containing  the  negative  wire,  N,  will  be 

soon  filled  with  hydrogen  gas,  while  the 
other,  which  ia  traversed  by  the  positive 
wire,  P,  will,  in  an  equal  time,  be  only 
half  filled  with  oxygen  gas.    This  arises 

.  n„vi,  i,«    ^^^,^  c«_j  .„  -_  I c         ^°™  "'S  circumstance  lliat  the  volumes 

a  cork  has  been  fitted  SO  as  to  confine  of  thetwogase»,whi.h  formwaterwhen 
I^,"ll^'n^JfJ.'J*'??."?Jl''i''5.'„''^.!    combined,  or  which  are  Ihe  pSs  of 


two  metallic  t 


:,  by  passing  o 


the  d 


1  of  water,  a 


each  end  through  the  cork  which  closes  „i,nvo  r.win.^rtinn     m^i-  i      '.i,         i 

il,all„™g,h/„tr.miU„ot.h.wi,..,  S;\\''7.*™.%XlV,t  S'^^ 

w'Jin  ^^  gas  aa  two  to  one.    That  the  water  is  in 

■h      "HiB  ■'''^  esperiment  {lerfeeHy  resolved  into 


that  are  in  the  water,  to 

each  other  as  to  be  separated  bi 

terval  of  only  a  quarter  of .      '     ' 


nomeoa  wiU  ensue     If  the  wire"  fon"  J"™"''' sp"''' i  when  the  whole  instanlly 

n^^^wirh  thrposWve^^^^  Katr'"" '°'™'  '^"'^'^'^''^'^ 

teiy  consists  ot  an  oxidable  metal,  it  is        ,,r.  \  ir  i\,„  «,=»„- t      i  ■     n. 

i>  in  conntction  mlh  Ih.  oegati.e  pole.  E'™f  Z^f    '"°,  "'£"■  f^  "i" 

be  extricated  from  both  the  w. res,  and  ^   ^  ^^^^  ^^,^L  of  inveSon 

\^'^*  "^  "  ^riP"  apparatus  may  be  ^^^^  „hen  every  p^recauUon  is  Xn  to 

coUetted  separately.     T-hLs  may  be  ac-  ensure  the  purity  of  the  wateriubjecled 

^.^i^'^l^J^  ^"^nn'^^^n^T'^^t'fl^  ^°  "'«  •>P'»»tion  Of  galvanism,  thi^nlj 

receivers  closri  at  one  end,  and  filled  producla  oblained  ^  the  two  gaseous 

with  wat«r;   this  fluid  is  retained  by  ^i^^^^ts  of  water,  oxygen,    aHdhv- 

mverting  them  over  a  sufficient  quanhty  drojren  "-/k^'-j    »""    "j 

of  water  contain«l  in  a  glws  vessel,  as        (J^,j  i„  (^^^  experiments  it  became 

ushowninyfiT.ls.    Eacl  tube  is  to  be  manire.t,thatnnderthfl  influeuMoT^l- 


^.18. 


furnished  with  a  plslinn  wire,  P_  and  N, 


taic  electricity  neutral  salts,  ensting  ... 
any  solution,  were  decomposed,  (he  acid 
portion  being  accumulated  around  the  po- 
sitive wire,  on  the  same  points  where  the 
extrication  of  oxygen  took  place ;  while 
ihe  bases,  whether  earthy,  alkaline,  or 
metallic,  were,  at  thb  same  moment, 
tranaferred  along  with  the  hydrogen  to 
the  negative  wire.  The  best  mode  of 
exhibiting  these  decompositions,  is  to 
employ  two  cupa,  made  either  of  glaw, 
or,  where  great  precision  is  reqnisite,  of 
agate,  or  otgold;  the  liquids  contained 
in  these  cups  being  connected  together 
by  a  few  Sbreg  ot'  moistsoed  fulwsloi,  i 
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tLnd  subjected  to  the  fiction  of  the  vol- 

laic  battery.    If  the  liquid  contain  any  sion  red,  wliile  the  aJkoli  will  pass  info 

■oluble  saline  compound,  such  as  sul-  the  opposite  cup.Bnd  tinge  its  muecon< 

phate  of  loda,  or  common  Glauber's  tents  ^reea. 

•alt,  and  the  operation  I>e  continued  a  (49.)  When  metallic  solutions  are 
sufficient  time,  the  whole  of  the  acid  subjected  to  the  decompo«ing  action  of 
contained  in  the  salt  nil]  l>e  found  col-  galvanism,  a  deposition  of  the  metal, 
lected  in  the  positive  cup,  and  the  whole  generallv  in  the  form  of  minute  cryat^, 
of  the  aJkali  m  the  negatiye  cup.  Nor  takes  place  on  the  negative  wire,  and 
is  any  considerable  solubility  in  the  body  oxide  is  also  deposited  around  it ;  while 
placed  in  the  circuit  necessiuy  for  its  the  acid  passes  over,  as  before,  into  the 
oecomposition  by  galvanism.  Two  cups  positive  cup.  This  effect  takes  place 
made  of  compact  sulphate  of  lime,  con-  viith  solutions  of  iron,  xinc,  and  tin,  as 
taining  pure  water,  were  connected  to-  well  as  with  the  more  oxidable  metals, 
gelher  by  fibrous  sulphate  of  lime,  moist-  (50.)  When  a  solution  of  nitrate  of  silver 
ened  by  pure  water,  and  the  voltaic  has  been  placed  on  the  positive  side,  and 
current  transmitted  through  them.  Af-  distilled  water  on  the  negative,  the  whole 
ter  an  hour  the  fluids  were  acourately  of  the  connecting  asbestos  becomes  co- 
examined,  when  it  was  found  that  ttie  vered  with  a  thin  metallic  film  of  sHver. 
negative  cup  contained  a  pure  and  satu-  We  have  been  the  more  particular  in 
rated  solution  of  lime,  putially  covered  noticing  these  effects,  because,  as  was 
with  a  calcareous  crust ;  while  the  po-  before  observed  (}  41.),  they  occur  to  a. 
Bitiye  cup  was  filled  witli  a  moderately  greater  or  less  extent  in  the  fluids  which 
strong  solution  of  sulphuric  acid.  Sul<  occupy  the  cells  of  the  battery,  and  have 
phate  of  stronlites,  and  fluate  of  Ume,  a  consideraibla  influence  in  modifying, 
subjected  to  the  same  process,  yielded  and  ultimately  destroying  the  power  of 
similar  results  :    sulphate  of  haiytes,  the  instrument 

bom  its    greater   insolubility,  proved  (SI.)  Phenomena  of  a  still  more  ex- 
more  difficult  of  decomposition ;  but  the  traordinaiynature,  presented  themselves 
difficulty  was  at  length  overcome.    The  to  Sir  H.  Davy  in  the  further  prosecu- 
analysis  of  many  minK-Blogical  speci-  tion  of  these  inquiries.    It  was  disco - 
mens,  'of  which  the  composition  was  vered  that  the  elements  of  compound 
much  more  complicated,  was  greatly  bodies  were  actually  conveyed  by  tiie 
elucidated  by  the  application  of  voltaic  influence  of  the  electric  current  throurfi 
electricity,  which  effected  the  extraction  solutions  of  substances,  on  which,  under 
of  all  the  acid  and  alkaline  matters  they  other  circumstances,  they  would  have 
contuned.  exerted  an  immediate  uid  powerful  che- 
(48.)    For  the  production  of  these  mica!  action,  without  any  such  effect 
effects  it  is  immaterial  in  what  part  of  being  produced.    Acids,  for  example, 
the  fluid  line  ot  circuit  the  decomposable  may  be  transmitted  from  one  cup,  con - 
body  happens  to  be  situated.    This  will  nected  with  the  negative  pole,  to  ano- 
appear  by  placing  three  cups,  side  by  ther  cup  on    tlie  opposite  or  positive 
side,  in  a  line  (^.  19.),  aodconnecting  side,  through  a  {wrtion  of  fluid  in  an 
intermediate  cup  tinged  with  any  otllie 
'y^-  19.  vegetable  coloured  infusions,  which  are 
^.^             --^  instantly  reddened   by  the  presence  of 
'"''^^^^    ^■■tt     ^  ^"  *^^'  "'thcul  occasioning  the  sliglit- 
^kW       ^^V      ^MV  est  change  of  colour.    The  same  hap- 
jBr           y^r         ^^r  T*^""  ^^'^  '"''^  alkalies.    If  three  cups 
▼             ▼            ^r  be  arranged  as  before,  (see/,?  19.)  aiirt 
l^              \               \  connected  with  each  other  in  a  series  by 
1^^^       ^^^        4^^fr  moistened  cotton,  the  middle  cup,  end 
also  the  one  next  to  the  positive  «ide  of 
them  tozether  by  moistened  asbestos,  'he  battery,  being  filled  with  blue  in- 
Let  a  solution  of  sulphide  of  potash,  or  fusion  of  cabbage,  or  of  litmus  ;  and  the 
any  other  neutral  salt,  be  put  into  the  cup  next  to  the  negative  side  containing 
middle  cup,  and  blue  infusion  of  cab-  a  solution  of  sulphate  of  soda;  on  lh« 
bage  into  the  other  cups.    When  these  series  being  placed  in  the  voltaic  circuit. 
fluids   are  placed  in  the  circuit  of  the  a  red   tinge  will  soon  Ik  perceived  in 
volidc  batter]^,  by  immersing  the  wires  the  water  of  the  positive  cup,  which 
into  the  fluid  In  the  outer  cups,  the  sul-  will  iKcome  strongly  acid.    It  is  evi- 
phuric,  or  other  acid,  will  collect  In  the  dent  that  ttw  sulphuric  acid  so  trani- 
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ferred  nluit  h»v«».pM«e3thttHi^lffre'Sfie"  battery;  and  those  TrhiolwaregiTing 
fluid  in  the  middle  vessel,  but  without  exit  to  the  electricity,  act  as  positive 
atTecting  the  coloured  solution  in  its  wirei.  The  former  will  collect  around 
patsaee.  By  reversbg  the  connections  them  the  several  liases  of  neutral  and  me- 
wilh  the  poles  of  the  battery,  a  similar  tallic  salts,  and  the  hydrogen  of  the  de- 
transfer  of  the  alkali  will  be  made ;  it  composed  water ;  the  latter  will  collect 
wiQ  be  collected  in  the  tinged  water  of  oxygen,  and  the  compounds  in  which 
the  negative  cup,  which  it  will  render  oxygen  OTedominates,  such  as  the  acids. 
green ;  but  the  intermediate  portion  of  (91.)  The  decomposition  of  the  alka- 
fluid  will  not,  either  in  this  or  in  the  hes  and  of  the  eailhs,  which  crowned 
former  case,  exhibit  uiy  trace  of  the  this  brilliant  career  of  diacoveiy,  is,  in 
substance  which  is  carried  through  it  by  point  of  theory,  only  a  particuiar  in- 
the  influence  of  electricity.  stance  of  the  general  fact  above  stated, 

(52.)   No  union,  under  limilaT  cir-  namely,  that  combustiblesubslances  are 

cumitances,  is  found  to  take  place,  be-  carried  to  the  negative  wire,  and  oxygen 

tween  acids  and  alkalies,  when  either  of  evolved  at  the  positive  wire.    Various 

these  active  chemical  principles  is  trans-  other  applications  have  been  made  of  the 

milled  by  voltaic  elecbicity  through  the  Toltaio  battery  to  the  purposes  of  ehe- 

ottier,  provided  the  compouud  which  mical  decomposition.     Sulphuric  acid 

they  would  form  br  their  union  remains  is  reaotved  by  its  means  into  oxygen  na 

soluble;  for  should  the  compound  be  iu'  and  sulphur.    Phosphoric  acid,  in  like 

soluble,  the  union  takes  place,  and  the  manner,  yidds  oxygen  gas  and  phos- 

product,  on  falling  to  the  bottom  of  the  phorus.     Ammonia  separates  into  hy- 

fluid  hj  its  superior  gravity,  is  removed  drogen  and  azote,  with  a  small  propor- 

fi\)mthelineoi  the  electric  action.  When,  tionof  oxygen.    Oils,  alcohol,  and  etner, 

for  example,  sulphuric  acid  is  attempted  when  actM  on  by  a  powerful  battery, 

to  be  passed  tlirough  a  solution  of  bary-  deposit  charcoal,  and  give  offhjrdrogen, 

tes,  or  iite«tvr*'l,barytes  through  a  solu>  or  carburetted  hydroKen.     But  it  would 

tion  of  sulphuric  acid,  sulphate  of  ba-  be  encroaching  too  Ar  on  the  province 

rytes  is  formed,  which  being  insoluble  in  of  chemistry  to  extend  our  illustrations 

the  fluid,  falls  down  as  a  predptat^  of  this  tutiject  to  any  greater  length, 
and  being  removed  from  the  action  of 

the  eleclnc  current,  proceeds  no  ftirther  A  e.  Phf/nolagical  effeett  (tf  Galvanitm 
in  its  course.    If  some  basis  of  me-  „ 

chanical  support  be  provided,  whereby  (SS-)  The  action  of  voltaic,  as  well  as. 
this  removal  from  the  voltaic  influenca  of  common  electricity,  on  a  living  ani- 
can  be  prevented,  the  transfermay  some-  mal  is  chiefly  exerted  on  the  functions  of 
times  be  continued,  notwithstantung  the  the  nervous  sfstem.  It  is  shown  in  the 
body  has  assumed  a  solid  form;  thus  production  of  sensation,  in  the  excitsr 
magnesia  or  lime  will  pas*  along  mcnst  tion  of  muscular  contraction,  and  in  al- 
asl«stos.  fhim  the  positive  to  the  nega-  tering  the  products  of  secretion, 
live  sides  ;  but  if  a  vessel  of  pure  water  (56.)  If  any  considerable  part  of  the 
be  interposed,  they  do  not  reach  the  human  body  form  part  of  the  cuy:uit  of 
negative  vessel,  but  sink  to  the  bottom,  a  voltaic  pile  or  battery,  a  separate 
In  like  manner  when  nitrate  of  sUver  shock  is  experienced  every  time  a  con- 
was  on  the  positive  side,  and  distilled  nection  is  made  with  the  poles  of  the 
water  on  the  negative,  the  alver,  as  we  apparatus  ;  provided  the  skin  throueh 
have  already  seen,  passed  along  the  wliich  the  decbic  current  is  to  pass  be 
transmitting  fibres  of  the  asbestos,  so  as  sufficiently  moist  to  allow  of  its  bring 
to  cover  it  with  a  thin  metalUc  film.  transmitted :  for  in  its  usual  dry  sUte 

(S3.)  When  the  fluids  placed  in  the  the  cuticle,  or  outer  skin,  is  scarcely 

same  voltaic  cireuit  are  connected,  not  pervious  to  electricity  of  such  low  inten- 

by  fluidi.  but  liy  pieces  of  metal,  such  sity  as  that  afforded  bv  galvanism.  The 

as  wires,  the  changes  above  described  most  efi'ectual  method  of  receivmBtha 

take  place  in  each  separate  portion  of  whole  force  of  the  battery  is  to  wet  both 

fluid,  each    altemaU    metallic  mirface  hands  with  water,  or  what  answers  sUU 

performing  the  flmctions  of  a  positive  better,  with  a  solution  of  common  salt, 

and  nMiSve  polarity,  aecordmg  to  iti  and  to  grasp  a  silver  spoon  m  each ;  the 

place  in  the  cirwiit  of  the  electric  current  circuit  is  then  to  be  completed  by  touch- 

liiose  paiti  into  which  the  electricity  ia  ing  one  pole  of  the  battery  willi  one 

entering  posaesspropwties  corresponding  spoon,  and  the  opposite  pole  wiih  the 

to  tlwseof  the  tKgati?ewim  or  potest  olberspoon.  Another  mode  is  to  plung« 
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a  finger  of  each  hand  into  two  uparata  eylfHd,  so  as  to  cover  part  of  fiie  globe 

ve.is^E  filled  wilh  waler,  into  wliich  the  of  the  eye,  and  plnce  a  silver  apoOn  in 

exlremiliea   of  the  two  wirea  from  the  the  moulh,  which  must  then  be  made  to 

battery  have  been  immerMd.  The  shook  ccmmunieate  with  the  tinfoil  by  a  wire 

received  from  the  voltaic  pile  is  similar  of  tufGcient  lenetli ;  or  conversely,  the 

to  that  reiulting  fi-om  a  large  eleatrioal  tinfoil  may  be  ^aced  upon  the  tongue, 

battery  very  weakly  charged :   and  its  and  the  rounded  end  of  a  ailver  prcbe 

intensity  )a  greater  in  proportion  to  the  applied  to  the  inner  comer  of  the  eye ; 

numt>er  of  seriei  of  element!  sompoaing  and  the  contact  estalilished  as  before, 

the  pile.    Twenty  pair  of  plates  are  ge-  'Die  flash  which  reaults  from  the  action 

nerally  sufficient  to  give  a  shook,  which  of  a  pile,  applied  in  thii  way,  ii  very 

ia  sometimes  felt  in  the  arms  i  with  a  powerful ;  and  if  the  plates  were  nume- 

hundred  pair  it  extends  to  the  ihtiil-  rous,  the  experiment  might  ocoasion 

ders.  permanent  injuiy  to  the  ii«hl      This 

(57.)  Independently  of  the  ihook  felt  phanomenon  !■  evidently  nroduoed  by  an 

on  the  first  impreaiion  of  voltaic  eleo-  impreaaion  eannnunioaled  to  the  retina, 

tricity  oommunicated  &om  ttie  battery,  or  opiig  nerve,  and  ii  analogoui  to  the 

the   continued    flow   of    the   ourrent  afi^et  of  a  Uow  on  the  eye,  whieh  ii 

through  the  body,  a*  long  as  it  formi  well  known  to  opoaaion  the  sensation  of 

part  of  the  eircuil,  is  generally  aooamr  a  bright  luminoui  oorusoation,  totally 

panied  by  a  ccoitinued  aching  paiD.    If  independent  of  (he  actual  presence  of 

it  paas  through  any  extemd  pmi  dOi  light.    In  like  manner  the  4&sh  from 

prived  of  outicle,  it  produces  a  aevere  gftlwusnt  ta  felt  whalher  the  eye*  be 

smarting  or  burning  aensatioa.  wliieb,  open  or  (dosed,  or  whether  the  experi- 

iftheeiposedsmfaoehelargeiOontinuM  meat  be  made  in  itay-light  or  i"  the 

to  inorease  till  it  is  scarcely  mppart<  dark.   If  the  pupil  of  tnc  eye  be  watched 

able.  This  painful  feeling  is  eipertenoed  by  another  pu^on  when  this  effect  ia 

iftheslighteitcut.bum.oresooriationof  produead,  it  will  be  seen  to  contntut  al 

any  kind,  happen  tc  be  in  the  path  of  tbemomentwhen  the  metals  are  brought 

the  electrical  aurrent :  and  it  will  he  e%-.  into  contact.    A  fiash  is  alio  perceived 

cited  in  these  parte,  even  by  a  single  M  the  moment  the  metals  are  separated 

Kur  of  plates,  forming  a  galvanic  com-  from  each  othen 

nation.      It  hai  t«en  remarked   by  (S9.)  The  peculiar  taate  which  la  per- 

Volta  that  the  pain  is  of  a  sharper  kina  ceived  when  different  metals  are  applied 

on  those  senBil>le  parti  of  the  body,  in-  to  dj{ft«ent  parti  of  the  toneue.  and 

eluded  m  the  oirckiit,  which  are  on  the  made  to  touch  each  other,  has  ab^ody 

negative  side  of  the  pile  1  that  is,  where  Iwen   noticed.    It   ia  essential  to  the 

the  electricity  flows  out  from  the  l»dy,  tucoeis  of  the  experiment,  thai  the  aur- 

than  where  it  entera :  a  fact  which  hat  face  of  the  tongue  ihould  be  moist ; 

alto  bean  noticed  with  regard  to  the  for  when  the  tongue  is  previously  wiptKl 

pungency    of    the    common    eleatrioal  very  dry,  the  efieot  is  considerably  di- 

apark.*  Bniiuahed,  and  it  is  not  at  all  perceptible, 

(5B.)  The  impression  oiade  by  voltaic  if  the  surface  ia  absolutely  dry,    The 

eleotrioity  on  some  of  the  nerves  of  the  flWRlity  of  the  metal  laid  upon  the  tongue 
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to  the  tongue  or  lips,  frequently  givea  tmle.  SimiUr  diflerences  have  been 
riie,  at  the  momentoflhe  contact  of  the  observed  by  Beneliui,  wilh  regard  to 
metals,  to  this  perception  of  aluminouj  the  sensations  excited  in  Ihe  tongue  by 
flash :  but  the  most  certain  way  of  ob.  (K»nmon  electricity,  direotetl  in  a  stream 
taining  this  result  is  to  prees  a  piece  of  upon  that  organ,  from  a  pointed  con- 
silver  as  high  as  possible  between  the  ductor ;  the  taste  of  positive  electricity 
upper  lip  and  the  gums,  or  to  insert  a  being  acid,  and  that  of  negative  elecln- 
silver  probe  into  the  nostrils :  while,  at  "'V  caualio  and  alkaline.  THiis  ciroum- 
the  same  time,  a  piece  of  nnc  ii  laid  atanee  viould  tend  to  prove  that  tlw 
upon  t  he  tongue ;  and  then  to  bring  the  taste  perceived  in  the  ^tanic  *xperi- 
two  metule  into  contact.  Another  mode  ineot  H  owuie  to  the  actual  presence  o{ 
ia  to  intruduce  some  tinfoil  within  the  '■'^'^  >'^^  alkalies,  derived  from   the 

•- • -w  chemical    decomposition  o(   the   salla 

Mki«iBBi/ewwij.  lift  1.,  iw,  soDtained  ift  the  laUvK,  by  the  galvwiift 
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u(irMi;anathatitunotmenl7tlieefiM  thtt the minud has b«n»M(a»d to tha 
of  ft  direct  imp«t«on  of  the  electm  power  of  muktion,  and  lh»t  he  ii  nt. 
ouirent  on  the  ntrm  of  the  tongue.  durinff  the  most  cruel  soflhrinin.  The 
liSS;*  J^  the  current  of  voltuo  eyes  er«  seen  to  open  and  »hul  .pont*. 
el«trioity  w  m«d«  to  pui  tiong  %  nerve  neouriy,  they  roii  in  the  iocktts  m  if 
dujlnbuted  to  «iy  of  the  musele*  of  agsm  endu^  with  virion;  the  pupil.  •« 
Toluntwy  motion,  theM  rausoles  an  at  the  lame  time  widely  dilaled.  Tha 
thrown  into  violent  oontraotiont  of  a  noitrUs  vibrate  as  in  the  act  of  gmeU- 
conviilBive  kind  «"»«»»  obiervation  ing ;  and  the  movements  of  ma^icaiioB 
of  this  kind  that  led  the  way,  as  we  have  ara  imitated  by  the  jaws.  The  struir- 
alreadj<  teen,  to  the  diawverv  of  the  md-  gle*  of  the  limbs  of  a  horse  Kalvaniwa. 
vanic  inftHsnoe.  The  muselee  of  a  frog  soon  after  it  has  been  kUled,  are  so 
are,  indeed,  neouharly  sensible  to  thii  powerful  as  to  require  the  strength  ol 
»ifluence,  and  are  therefore  the  fittest  several  persons  to  restnun  thain. 
fiir  the  exhibition  of  this  phenomenon,  (6B.>  It  is  needless  to  enter  into  tlie 
With  very  weak  galvanic  powers.  T^e  details  of  experiments  of  a  similar  kind 
auHceptibihty  of  some  of  the  animals  peribnued  in  hospitals  on  limbs  re- 
betongingtotheelassofMrmM,  is  also  raoved  by  amputation  ;  or  on  the  bodies 
veiygreat.  If  a  orown  piece  be  laid  of  criminals  soon  after  their  execution.  A 
upon  a  ^late  of  sine  of  la^:er  size,  and  areat  number  of  these  are  itataj  to  have 
a  hving  leech  be  placed  upon  the  silver  been  made  at  Turin,  on  the  victims  of 
coin.  It  will  suffier  no  inconvenience  as  tlie  guillotine  j  and  in  this  country.  Al- 
longes it  remains  in  eontact  with  the  sil-  dini,  by  operating  with  a  considerable 
ver  only ;  but  the  moment  it  has  stretched  number  of  plates  on  the  body  ot  a  cri- 
ont  its  head  bo  as  to  touch  the  sine,  it  minal  executed  at  Newgate,  produced 
■uddenlyrecoils.a*  tf  It  hadeiperienoed  effects  very  similar  to  those  ahvady  de- 
ft painful  shock.  An  earthworm  will  seribed  in  the  slieep  and  ox ;  iHit  which 
also  exhiliit  the  same  kind  of  sensitive-  were  necessarily  of  a  more  imjMwsiTe 
ness ;  and  the  same  effcct  is  still  more  character,  from  their  eonv^ng  the 
strikingly  exhibited  by  the  nair,  which  more  terrific  expreasioos  of  human  paa- 
i»  an  aquatic  wonn.  Humboldt  found  "ion  and  of  human  aeony. 
that  the  lentaa,  or  water-serpent,  and  (63.>  Musoles  whose  aetions,  Uke 
even  the  teenia,  atearit,  and  other  spe-  those  of  the  heart,  are  not  under  tin 
oies  of  intestinal  wonns.  had  thm  move-  guidance  of  the  wUl,  are  leap  easily  af- 
inents  accelerated  by  the  influence  of  fectedl);  galvanism  than  the  muscles  of 
galvanism,  which  abo  speedily  de-  voluntary  motion.  But  Fowler,  Vasiali, 
stroyed  their  lift.  Powerfid  ahocka  from  Humboldt,  Nyaten,  and  others,  have 
a  voltaic  batteiv  are  no  lees  immediately  auffloiently  proved  that  evui  these  mu»- 
htal  to  aivmals,  than  discharges  from  eles  may,  tw  the  proper  application  of 
an  ordinary  electric  battery.*  Small  this  power,  be  made  to  contract 
animala  are  easily  killed  by  dischargee  (64.)  The  most  curious  and  hitherto 
which  would  only  produce  a  temporary  unexplained  of  the  phyaiolofnicel  effects 
stunning  effect  on  liirgFr  animals.  of  galvanism,  are  those  on  the  functions 
(61.)  Convulsive  movements  may  be  of  secretion,  especially  on  that  of  the 
excited  by  galvanism  in  the  muscles  of  gastric  J uiee.  a  flukl  whi<^  is  eisentialjy 
an  animal,  after  its  death,  as  long  as  subservient  to  the  process  of  digeition. 
they  retain  their  contractility.  These  ef-  But  these  topics  appertain  more  to  phy 
fects  become  exceedingly  striking,  when  siology  than  to  the  subject  of  the  pre 
large  animals  are  made  the  subjects  of  sent  treatise, 
experiment,  and  when  powerful  batte- 
ries are  employed.    Thus  if  two  wir«s, 

connected  with  the  poles  of  a  battery  of  Chaptiii  V. 

a,  hundred  plates,  be  inserted  into  the 

ears  of  an  ox,  or  sheep,  when  the  head  Thaory  of  Oatvamiim 

is  removed  from  the  body  of  the  animal 

recentlj;  killed,  very  strong  actions  will  (8S.)  Thb  varieut  attempts  which  hare 
be  excited  in  the  muscles  of  the  face  at  different  times  been  made  to  explain 
every  time  the  circuit  is  completed,  the  phenomena  of  galvanism,  by  the 
The  convukiona  are  so  general,  as  often  apphoatlon  of  the  laws  which  are  known 
to  impress  the  spectator  with  a  bchef  to  govern  those  of  ordinary  eleetrieity, 
. — . — -, have  on  the  whole  been  attended  wtth 

*  Sn  TmtiM  n  Eltctrieltj'.    ]  1S3.  Ycrjr  mdiffcTeilt  BUeCCSS  ;  BJld  the  theorf 
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of  thii  iciimce  remain*,  even  at  the  pre-  fluid  from  the  clno,  and  if  i  tranifereiies 

■ent  da.y,  involved  in  considerable  un-  ta  the  liquid  product  of  the  combina- 

certainty  and  obscurity.    No  very  dis'  tion :  but,  mhea  translated  into  Ihe  lan- 

tinct  or  latisfoctorf  account  has  yet  Kuage  of  the  hypothesis  of  a  double 

been  given  of  the  nature  of  that  force,  fluid,  must  be  uDderstood  u  the  sepsra^ 

wl^h  originally  disturbs  the  electrical  tion  of  the  two  electricities  by  the  che- 

condition  of  the  different  parts  of  the  mical  action,  and  the  determination  of 

voltaic  apparatus,  and  constitutes  the  the  resinous  or  negative  electricity  in 

primary  source  of  ^vonic  power.    It  the  direction  of  the  tine,  and  of  the 

was  long  Ihe  prevaihng  hjmotnesis,  that  vitreous  or  positive  electricity  in  the 

this  force  was  the  same  with  that  which  direction  of  the  oxidating  liquid.    In 

(fives  rise  to  the  developement  of  dec-  order  To  avoid  perpleidty,  however,  we 

mcitv  during  the  contact  of  dissimilar  shall  continue  to  adliere  to  the  simpler 

metals ;   a  fsct,  the  principal  circum-  of  these  hypotheses ;  and  advert  only  to 

stances    attending   which    have   been  the  conditions  and  movements  of  posi- 

stated  in  the    treatise    rin  Electricity,  tive  electricity,  (i  4.) 

(f  203.)    But  in  proportion  as  a  more  (67.)    Th^  two  conducting  bodies, 

extensive  ocquuntance  with  the  pheno-  such  ss  zinc  and  acid,  thus  remain,  the 

a  afibrded  the  means  of  a  more  ac-  one  in  a  negative,  and  Ihe  other  in 

~  ■  '  "  ■  rical  slate,  notwithstwidii.„ 

^    n  contact,  is  known  to   us 

became  more  apparent ;  and  it  is  now  as  a  matter  of  fact ;  but  it  is  a  fact 

fully  estoUished,  that  the  primary  agent  which  is  not  explicable  by  any  of  the 

in  the  evolution  of  electricity,  is  the  force  laws  of  or^iary  electrics!  phenomena, 

of  chemical  attraction.    This  latter  view  or,  in  other  words,  it  is  not  reducible  to 

of  the  sul^ect,  has  ]ed  to  what  may  be  any  other  more  general  fact.    We  must 

called  the  Chanieat  Thtory  of  Qal~  for  the  present,  Qierefore,  be  content  to 

vamtm.  leave  it  as  a  subject  of  future  inquiry, 

<66.)   Evoy  scientific   theory  must  to  determine  to  what  peculiarity  iu  the 

have  for  its  bans  some  general  fact,  circumstances  attending  the  changes  of 

compreliending  a  multitude  of  subordi-  chemical  composition  it  is  owing,  that 

nate  pheriomeno,  which  are  its  more  or  the  electric  equilibrium  is  permanently 

less  mrect  consequences.  The  chemical  disturbed,  and  what  is  the  unknown  ob- 

theoiy  of  galvanism  assumes  (he  fol-  stacle  that  prevents  its  restoration.    A 

lowing  as  the  roost  general  fact  in  that  rimilar  difficulty  occurring  in  the  case 

science:  namely,  that  chemical  action,  of  the  electricity  produced  by  contact, 

occurring  between  a  fluid  and  a  solid  has  been  noticed  ia  the  treatise  on  Eleo- 

Iwdy,  is  always  accompanied  by  the  dis-  tricity.    (i  304.) 

turbance  of  elecbic  pquilitirium ;  in  con-  <6S.)  As  long  as  the  chemical  action 
sequence  of  which  a  cerioin  quantity  of  proceeds,  the  transfer  of  electrieih  firom 
electricity  is  developed,  or,  in  other  the  metal  to  the  fluid  continues ;  but  the 
words,  converted  from  a  latent  into  on  r^idily  of  the  process  is  checked  by  the 
active  state.  So  intimate,  indeed,  is  the  circumstance,  that  as  soon  as  the  quan- 
connection  lietween  the  electrical  and  tity  transferred  has  accumulated  so  aa 
the  chemical  chuiges,  that  tlie  chemical  to  reach  a  certain  degree  of  intensity, 
action  can  proceed  only  to  a  certain  ex-  which  is  generally  exceedingly  low,  all 
tent,  unless  the  elecbical  equilibrium  action  ceases,  the  chemical  affinities  be- 
which  has  been  disturbed  be  again  re-  ing  balanced  by  an  opposing  electrical 
■tored.  The  oxidation  of  metallic  bo-  force.  But  in  consequence  of  the  gra- 
dies  (that  is,  their  combination  with  dual  absorption  of  electricity  by  the 
DxyKen)  is  more  especitdly  accompanied  metal  frum  surrounding  t>odies,  and  the 
by  the  developement  of  large  quantities  gradual  dissipation  of  the  superabun- 
of  electricity.  Thus  it  has  t>een  ascer-  dant  elechicity  of  the  fluid,  this  state  is 
tained,  that  when  a  plate  of  zinc  is  never  reached )  or,  if  attained,  does  not 
chemically  acted  upon  by  dilute  sul-  long  subsist :  and  the  chemical  affini- 
phurio  acid,  which  produces  first  oxide,  ties  continue  to  produce  their  effects, 
and  then  sulphate  of  rinc,  the  metal  though  more  slowly  than  if  their  opera- 
becomes  negatively  electrified,  while  the  tion  were  uncontrouled  by  the  electrical 
liquid  is  in  the  same  degree  positively  force.  But  if,  on  the  other  hand,  by 
electrified.  This  fact,  when  staled  con-  the  intoposition  of  good  conductors,  a 
fonnattly  to  the  hypothesis  of  Pranldin,  ready  passage  be  nffi>nled  for  Ihe  eieo- 
in^liet  the  ftbstractioii  of  tiw  electaig  tr^y  Orom  the  fliud,  where  it  is  uou^ 
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raulated,  to  the  met&l  wliere  It  is  defi-  u  long  u  the  ctieniical  action  eontimiei, 

cient,  then  the  obstacle  to  the  further  If  the  bodies  Z,  A,  and  C,  he  respec- 

exertion  of  the  chemical  aSnilies  be-  j^v  20_ 

tween  these  two  bodieswill  be  removed,  .'_ 

and  the  action  will  now  proceed  with  ^  •- 
much  greater  eneii^.  Tins  is  precisely 
what  is  accomplislied  by  galvanic  com- 
binations- Some  metal,  such  as  cop- 
per, silver,  gold,  or  platina,  not  suscap- 
fible  of  oxidation  by  (he  fluid  employed, 
is  applied  to  this  fluid,  collects  from  it 
the  redundant  eieotricity,  and  then  being 
brought  into  contact  with  the  sine,  or 
metal  acted  upon  by  the  fluid,  commn- 

nicates  to  it  this  electricity,  and  thus  ,.    ,     .          ■!       i              .^        » 

cooUnually  nislores  the  deolnc  equi-  ";'''™?'S  '  "^^T.'- "'.^  t?fl°! 

libiium,  lie  very  fastant  after  it  tas  of  conlact  between  Zand  A  wdl  be  that 

been  disturbed.    We  And,  accoriingly,  at  wtoch  the  chemical  a«.on  and  eon- 

that  under  these  ctcnmstanoes,  that  ii,  ••quentdevelopement  of  deomcity  t  Jies 

whenever  the  galvanic  cirenit  is  com-  P''"'i  fij  C  may  be  considerd  as  scl- 

pleted,  the  oxiMon  of  the  sine  proceeds  "K.  ""Jj  '.h"  {"I  "1  a  conductm:  of 

ivilb  renewed  K«vily;  but  ceaJes,  or  at  '»  electricl,  between  A  md  Z  ;  and 

least  takes  nhra  more  slowly,  whenever  !»  "■»™''  ?"",  emulate  m  the  duec- 

Ihis  ehvinitSlirterrupled.  .on  denoted  m  0««gnie  by  the  arrows. 

(■».)  In  order  to  take  a  more  com-  ">»';■•  ^J"  V°,  .'  TJ"  ?  ^• 
prehcnsive  view  of  the  subjecl,  we  may  .  .<?,"'  ™J  .'"»''  If""!  »'  ''"- 
Stale  the  following  as  the  conditions  that  tac.ly  wtoch  is  thus  developed,  uid  made 
are  essential  to  galvanic  action.  First,  H  cireulale  will  depend  upon  a  vanely 
the  presence  of  three  elements  is  re-  ?'  circumstauoes,  such  as  the  extent  of 
quir«l,  which  we  .haU  designate  by  the  I"?  "'^S  ?'".»»■'  "tion,  the  Jei- 
fitters  A,  Z,  and  0.  Between  the  two  '"''"  <^1^  1°  *  transmission,  &c, 
trst  of  these,  A  and  Z,  some  ehemicsl  —causes  the  operahon  of  which  we  shaU 
afflnily  must  exist,  «lequate  to  produce  t"!^"?  '"'  ,°?"""'"  "  «"nm.. 
combination  and  developement Bf  ehio-  ^"'  !"  l'«7"  °L  ■I'l^'  "i^E 
Iriclty;  whUe  the  same  acBon.  or  at  a.  it  is  often  termed,  will  be  regulated  by 
loist  the  same  degree  of  that  action,  is  °'1"»  """f;  "d  "„„  especially  bv  the 
not  exerted  between  the  third  element  C,  «?"»  "'  "^  chemical  acbon.  In  • 
and  either  of  the  former.  Secondly,  it  sniSle  gal'™c  cn^fe  howmr,  it  is  ne- 
is  necessary  that  one  of  the  two  «Wt  cessaiily  vot  lo•^  being  hmited  by  the 
bodies.  whiJh  we  shall  suppose  to  be  Z,  I!'"™  .»'  "".  ;«>«■■  lo"h!ch  it  owes 
be  a  Tohd,.  uid  that  it  ,^s  a  high  "■  »"«■"■  "•"'  '^"^  "  » '»  """'  "" 
degree  of  conductmgpoio^thregiH  spects  opposed.  It  may  be  much  in- 
to electricity.  As  if  fTa  general  lai  in  ™sed,  however,  by  oombimngtoge- 
chemistry  ttat  no  chemical  action  can  thcr  Ihe  power  of  a  number  of  circles, 
takenlaie  betw«!n  two  bodies,  unless  "»  done  m  the  pile  and  vcjlmbathay. 
one  oTthese  bodies  be  in  a  «nid  stale,  it  taking  tlje  common  trough  battery  as 
Mows  that  as  Z  is  a  sold,  so  A  must  "  «»niple,.nd  treeing  he  several  slops 
beafluidbody;  on  the  other  hand,  the  of  th?  .process,  we  shall  W  Ihat  the 
body  C  may 'be  either  «.lid  or  fluid.  '''fP"'  "'■"*','" ''S"'.'°,"i'.''S 
Thiill,,  it  is  requisite  that  all  Ihe  three  '?"  '»'  •cjnired  h-om  the  «r.  plalo  of 
bcdiesbeinmulualcontact,.oastocom-  ;»c  exposed  lo  ils  adion,  is  taken  up 
pos.  a  kind  of  cireular  aningement,  aa  '>  "V'  copper  plate  belo«ing  lo  the 
a  represented  in  &  20.  II  all  these  >«o«l  pan.,  .ndiransferredlo  the  second 
conditions  be  fumlB,  it  is  found  that  a  SJ°  ^  ' !"  f  ."5  ■  1  "^""l"'- 
conlinued  stream  or  current  of  eleclri.  This  jeeond  pIMe  of  sine,  having  Ihua 
cay  will  cireuUte  in  a  deteiminata  di-  T>'"^  "  "ST  P°  .  i?  S 
reilion  through  the  bcdiea  thus  placed.  "•Tj!  """"'  4 "••  "  "l'f'''f  f 

^ f""^  supporting  a  more  intense  chemical  ac- 

bit  cbamiea]  Kiioa  hou  than  it  would  otherwise  have  done; 

.  aiaoost  iiiimia,  ii  and  hence  it  cummunicales   a  larger 

'  u'f«'^  quantily  of  electricity  to  Ihe  fluid  in  Qia 

second  ccU.    Hiia  increased  quantity  ia 
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affun  tmunutted  to  the  next  pair  of  oan  never  b«  «tdt«d  when  the  Uter 

pMtei,  and  midert  the  thinl  tine  plate  condition  is  wanting.    Thiu  Bilver  and 

Mpabie  of  maintaining  a  sfill  more  pow-  ^Id  evolve  no  galvanic  influence  vhen 

«rful  cliemicHl  actiGn  than  ttie  preceding  in  contact  with  pure  nater,  which  it  in- 

plate ;  and  thus  erery  succeeding  alter-  capable  of  aotingohemicaliy  unon  eithtt 

nationisproductiveoi  afiirlherincreafe,  of  these  metall;    but  the   aodition  of 

both  in  the  qaantity  and  intensity  of  the  nitric  tcid,  or  any  other  fluid  deoom- 

«lectricilydeveloped.  posable  by  Eilvsr,  to  the  water,  initne> 

(71.)  The  simplest  casn  are  those  in  diately  renders  this  combination  of  •U* 

which  no  chemical  action  whatever  is  menis  an  setive  galvanic  oircle. 

exerted  either  bettreen  the  fluid  A  and  (73.)   With   ragani  to   the   directioD 

the  body  C,  or  between  G  and  7. ;  and  given  to  the  electrical  current  by  tha 

the  force  of  tlie  electric  current  will  then  chemical  action  of  two  bodies,  we  mav 

be  proportional  simplv  to  ttie  energy  of  lay  it  down  m  a  general  rule,  to  whica 

the  chemical  action  talune  place  between  there  are  but  few  exceptions,  that  the 

A  and  Z.    But  either  A  and  C,  or  C  deotricity  is  determined  from  the  solid 

and  Z,  may  also  have  some  cl^micat  to  the  fluid  which  acts  upon  it  chemi- 

action  on  one  another;  and  it  will  de-  cally.    This  we  have  already  seen  ei- 

pend  on  the  nature  of  that  action  whe-  emplitied  in  the  instance  so  frequently 

ther  the  elecbrio  force  to  which  it  gives  referred  to  of  the  ternaiy  arrangement  of 

rise  opposes  or  CDnotm  with  the  force  ilnc,  acid,  and  copperi    Another,  and 

resulting  flrom  the  action  between  A  and  very  common  mode  of  expressing  the 

Z.    If  the  two  actions  be  of  the  same  same  fact  is,  to  say  that  the  zinc  is  ren-* 

kind,  as,  for  example,  if  they  should  dered  positive  with  regard  to  the  copper, 

both  be  oxidating  actions,  the  electrio  and,  nee  i>«r«i.  the  copper  negative  with 

fbrcesresultinz  from  Ihem  will  l>ein  op-  reference   to   the  zinc.     In  this   lenM- 

position  to  each  other ;  for  wtiile  the  one  that  is  with  relation  to  the  action  of  acida 

IS  impelling  the  current  from  Z  to  A,  the  and  other  oxidating  fluids,  every  oxi- 

othera  will  tend  to  impel  it  from  C  to  A,  dable  metal  is  positive  with  regard  to  » 

or  fVom  Z  to  C,  that  is,  in  a  contrary  metal  which  is  oiidable  in  a  less  degree. 

direction.     The   effective   electromotive  In  order  to  determine  beforehand  (he 

force  will,  in  all  these  cases,  ta  equal  to  effect  of  any  combination  of  two  metall 

the  difference  between  the  two  that  are  in  a  galvanic  circle  with  any  of  the  acids, 

thus  opposed  to  each  other.    On  the  il  wiU  be  convenient,  therefore,  to  ar- 

other  hand,  if  the  chemical  actions  be-  Tana;e  the  metals  in  the  order  of  their 

tween  A  and  C,  or  between  Z  and  C,  oxidatHltty,    With  tliis  view  tha  fallow- 

should  happen  to  be  of  an  opposite  kind,  itig  catalogue  hat  been  given  by  Sir 

with  reBardtotheirelectricaltendenoies,  Humphiy  Davy:*    -- 


to  that  Detween  Z  and  A,  thev  wilt  com-  Potassium  and  its  amalgama, 

municate  to  the  developed  electricity  an  Barium  aad  itt  amalgMM. 

impulse  in  the  same  direction,  ana  the  Amalgam  of  line 


resulting  electromotive  force  will  be  equal  Zinc 

to  the  sum  of  the  conspiring  forces.  Cadmium. 

(72,)  We  have  seen  that  the  third  e.e-  Tin. 

ment  C  may  be  either  a  solid  or  a  fluid  Iron. 

body,  and  we  may  therefbre  distinguish  Bismuth. 

galvanic  circles  into  two  kinds,  according  Antimony  (?). 

as  C  has  the  one  or  the  other  of  these  Lead, 

two  forms.    In  the  first,  the  circle  is  Copper. 

composed  of  two  solids  and  one  fluid;  S^ver. 

in  the  second,  of  one  solid  and  two  fluids,  Palladium> 

Of  the  solid  elements  capable  of  forming  TeUuriiim> 

galvunic  combinations,  the  most  effica-  Gold. 

cious  are  the  metals,  wid  charcoal.    Of  CharcoaL 

fluid  elements,  those  which  etert  a  pow-  Platina. 

erfiil  chemical  action  upon  the  former.  Iridium, 

such  as  the  mineral  acids,  elkaUne  solu-  RhodiuD), 

tions,  sulphurets,  solutions  of  neutral  (74.)  In  a  ternary  g^vanic  arrann- 

salts,  and  water  conttuning  oxygen  gas,  ment  with  acids,  then,  each  metal  in  Uie 

or  atmospheric  air.    The  eneiiy  of  the  above  list  is  positive  to  all  those  which 

ga\vanic  power  will  depend  altogether 

vptm  that  of  the  cbenucal  &tiioD,  and  •  niiiufiiieiUTmiactii)<uiBiMas,f.M. 
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feOow  it;  Mill  Ihamortlo  in  proportion  Gold, 
as  the  two  metals  are  more  distant  fram  Charooit]. 
each  other  in  ihe  scale.  Thufi  line  and  We  ma^  observe,  ttint  here  «lso  cop- 
iron  will  compose  &  wetiker  circle  than  per  is  positive  with  regard  tn  iron ;  m 
tine  and  silver;  and  tine  and  platina  that  wtten  these  two  metels  form  a  circle 
will  form  one  of  sttU  greater  power.  It  with  a  solution  of  hjdro-sulphuret,  ttie 
may  be  observed,  however,  that  the  pre-  electrical  current  is  in  an  opposite  di- 
cise  order  in  which  the  metala  stand  in  reclion  to  what  it  is  when  the  same 
such  a  scale  as  the  above,  must  Ik  un-  combination  of  metali  is  plunged  in 
derstood  aa  only  strictly  true  with  rela-  acids. 

tion  to  the  particular  acid  employed,  and       (77.)  It  need  hardly  be  observed,  ttiat 

even  to  the  particular  degree  of  dilution  every  thin^  that  has  been  stated  with 

that  has  t)een  given  to  the  acid.    For  regard  to  single  galvanic  circles  applies 

we  find  slight  variations  in  the  order  of  also  to  compound  circles,  whether  in 

relation  ofthe  metals  with  difl^nt  acids,  the  form  of  the  pile,  or  the  troui^h  bat- 

or  even  with  the  same  acid  in  difierent  tery,  composed  of  the  tame  elementat; 

■tates  of  concentration.  parts. 

(7S.)  When  alkaline  solutions  are  em-       (78.)  We  have  neirt  to  consider  the 

ployed  a«  the  fluid  agent,  instead  of  second  class  of  galvanic  circles;  those, 

acids,  the  same  Keneral  order  is  observed  namely,  which  are  composed  of  a  sin^ 

in  the  metals,  with  T^erd  to  their  mutual  solid  and  two  fluid  elements. 
electrical  relations.    The  principal  ex-       The  arram^ment    assumed  in  this 

ception  is  with  regard  to  iron,  which  case  by  the  three  elements  of  the  circle, 

is  here  fbund  to  occupy  a  place  interme-  may  be  represented  by  the  seme  dia- 

diate  between  copper  and  silver.    Thus  gram  as  befbre.yb-.  2U.    Z  will  then  de- 

a  combination  of  iron  and  copper  will,  note  the  solid;  A  the  acting  fluid,  and 

by  immersion  in  an  acid,  form  a  circle  C  the  conducting  fluid.    As  there  is  a 

in  which  the  electricity  will  be  determined  neoessily  for  separating  the  two  fluids, 

from  the  iron  to  the  acid,  tlience  to  the  they  may  be  contained  in  separate  vea- 

Gopper,  and  thence  to  the  iron ;  that  is  sell,  and  be  made  to  communicate  by 

to  say,  the  iron  will  1m  positive  with  re-  means  of  a  bent  tube,  inverted  like  a 

gard  to  the  copper.    But  if  the  same  syphon,  full  of  some  conducting  liquid, 

combination  of  iron  and  copper  be  acted  and  passing  over  from  ths  one  to  the 

upon  by  an  alkaline  solution,*  and  more  other  of  the  two  fluids.    Sir  H.  Davy 

especially  by  ammonia,  the  iron  isnega-  uses,  in  many  of  his  experiments,  fibres 

live  with  regard  to  the  copper;  for  here  of  moistened  asbestos  in  place  of  the 

the  chemical  action  of  the  fluid  upon  the  tube,  for  establishing  a  communication 

copper  is  stronger  than  upon  the  iron,  between  the  fluids.     Two  jjatea  of  the 

andrheelectricityis  thereforedetermined  same  metal  are  then  to  l>e  immersed  in 

to  the  fluid  from  the  copper,  and  not  the  fluids,  and  made  to  communicate  by 

firom  the  iron  as  in  the  tormer  case,  wires,  or  slips  of  the  same  metal. 
The  same  results  are  obtwned  when  tin         (79.)  Sir  H.  Davy  ha*  distinguished 

is  employed  in  coiyunction  with  copper,  three  different  kinds  of  circles  of  Ihe 

and  with  ammonia-f  second  class.* 

(76.)  With  solutions  of  hydro-sulphu-       The  first  and  most  feeble  is  composed 
rets,  the  several  metals  stand  also  nearly  of  single  metallio  plates,  arranged   in 
in  the  same  order,  as  to  their  electrical  such  a  manner,  that  two  of  their  sur- 
relationi,  as  with  acids — with  a  lew  ex-  faces  are  in  contact  with  different  fluids, 
ceptions,  however,  as  will  ^pear  from  one  capable,  and  the  other  incapable, 
the  following  catalogue,  given  by  Sir  of  oxidating  the  raetal.    Zinc,  acid,  and 
H.  Davy : —  water,  occupying  the  situations  of  Z,  A, 
Zinfc  and  C,  in  the  diagram,  may  be  talien  as 
Tin.  an  example ;  and  it  will  he  seen  that 
Copper.  the  only  difl'erenca  between  this    ar- 
Iron.  rangement   and  those    of   the  former 
Bismuth.  class,  consists  in  the  subititutiun  in  tbtt 
Silver.  circle  of  water  for  copper ;  but  the  funo- 
Platina.  tion  of  each  of  these  parts  is  essentially 
Palladium.  the  same,  namely,  that  of  simply  con- 
es^—     ,  ,■       -                —  ducting   electricity  between  the  other 

t  D«u'fUrer7iiM)eii(>'cdo,niTu,m'  ■  PMImi^iica'  IVruudliiwi hr  1801, f. 3%      , 

■ooglc 


twodement&  As  the  ooaducting  power  thepewterpot  b  expoied  to  the  action 

of  fluids,  honever,  i*  much  infenor  to  of  the  sajiva  which  tnoiitens  the  lip, 

that  of  metals,  the  electrical  indicEitions  while  the  other  lide  ef  the  metal  is 

will  t>e  more  fe^le  than  in  circles  of  touched  by  the  porter;  the  circle  I)eing 

the  first  class ;  and,  indeed,  will  scarcelj  completed  when  the  latter  fluid  comes 

be  sensible  uidess  we  employ  the  mote  in  contact  with  the  ton^e. 
easily  oiidafale  metals,  such  as  tin  and        (81.)  The  second  kmd  of  f^Tanio 

sine.    But  powerful  effects  may  be  ob-  combinations  with  a  single  metal,  o 


tained  by  combiniiw  a  number  of  such  sists  of  a  series  of  plates  composed  of  a 
circles  in  a  pile  or  battery.  For  con-  metal  capable  of  being  acted  upon  by 
atructinK  an    instrument  of   the    for-    sulphuretted  hydrogen,  in  contact  with 


mer  kind.  Sir  H,  Davy  directs  pieces  of  solutions  of  liydrosulphurets  on  the  one 

polished  tin,  about  an  inch  stiuare  and  side,  and  water  on  the  other,  placed  m 

one-twentieth  of  an  inch  thick,  to  be  a  regular  order  of  alternation.    Under 

piled    up  with  woollen  cloths  of  the  these  circmnstances,  a  cuirent  of  eleo- 

same  sise,  moistened  some  in  water,  tricitv   is    produced,  the    direction  of 

and  some  in  dilute  nitric  acid,  in  the  whicn  is  the  reverse  of  what  it  is  in  the 

following  order, — tin,  acid,  water,  and  so  fonner  case,  the  surface  of  the  metallic 

on.    It  is  proper  to  observe  the  pra-  plate  in  contact  with  the  solution  of  sul- 

caution  of  placing  the  cloth  moistened  phur  bong  positive,  while  that  in  con- 

with  acid  underneath  the  one  which  is  tact  with  acid  is  negative.    Eight  series 

moistened  with  water ;  for,  as  the  acid  will  produce  sensible  etfects.    Copper, 

is  specifically  heavier  than  the  water,  silver,  and  lead  are  each  capable  of 

litlle  or  no  mixture  of  fluid  will  then  foraung  this  combination;  their  com- 

take  place.     Twenty  such  alteroafions  paiative  activity  being  in  the  order  in 

will  produce  a  battery  capable  of  acting  which  they  are  here  enumerated,  that 

weakly  on  the  organs  of  sense,  and  oi  is,  copper  the  most,  and  lead  the  least-* 

slowly  decomposing  water.     When  line  (82.)  A  ftimiliar  instance  of  the  ope- 

is  the  metal  used,  it  is  necessary,  on  ration  of   galvanism   in  promoting  the 

account  of  its  rapid  oxidation  in  water  combination    of   sulphur  with    silver, 

contuning  atmospheric  air,  to  use  three  occurs   in  (he  empbyraenl  of  a  silver 

cloths  i  the  first  moistened  with  a  weak  spoon  in  eating  the  yolk  of  an  ^  ;  a 

solution  of  hydm-sulphuret  of  potash,  galvanic  circle  of  the  second  kind  oeing 

which  has   no  power   of  acting   upon  formed   bv   the  yolk,    which    contains 

zinc,  and  which  prevents  it  from  being  sulphur,  tne  silver  ^poon,  and  the  salivft 

acted  upon  bv  the  water;  the  second  of  the  tongue. 

moistened  with  a  solution  of  sulphate  (83.)  The  third  kind  of  combinations 
of  potash,  of  greater  specific  gravity  unite  the  power  of  the  two  former,  and 
than  the  solution  of  hydro- sulpnuret ;  consist  ofa  ungle  metal,  acted  upon  on 
and  the  third  wetted  with  an  oxidating  one  side  by  an  acid,  and  on  the  other 
fluid,  such  as  an  add,  specifically  hea-  side  by  the  hydro- sulphurets.  Copper, 
vier  than  either  of  the  solutions.  In  silver,  or  lead  may  here  be  employed, 
this  case,  if,  proceeding  upwards,  the  and  the  order  of  their  powers  is  the 
order  be  as  follows  —  zinc,  —  oxidat-  same  as  in  the  preceding  mstanoe.  The 
ing  solution, — solution  of  sulphate  of  pile  may  l>e  constructed  in  the  same 
potash, — solution  of  hydro -sulphuret  of  manner  as  the  pile  with  sine  in  the  first 
potash,  very  little  mixture  of  the  fluids,  kind  of  combination  ;  the  cloths  moist- 
or  chemical  action  between  them  will  encd  with  acid  being  separated  from 
take  place ;  and  an  alternation  of  twelve  those  moistened  with  solution  of  hydr&> 
series  of  this  kind,  forms  a  baitery  ca-  sulphuret  by  an  intermediate  cloth 
pable  of  producing  sensible  galvanic  soaked  in  solution  of  sulphate  of  pot- 
effects,  l^e  direction  of  the  ^ectrical  nsh.  Three  plates  of  copper,  or  silver, 
current  is,  as  usual,  fl-ora  the  zinc  to  arranged  in  this  manner,  in  proper 
the  oxidating  fluid.  order,  produce  sensible  effects ;  and  a 
(80.)  It  has  often  been  remarked  that  pile  composed  of  twelve  or  thirteen 
porter  drank  out  of  a  pewter  pot  has  a  series  is  capable  of  giving  weak  shocks 
brisker  taste  than  when  taken  out  of  a  and  of  rapidly  decomposing  water.  Tke 
glass.  Professor  Robison  ascribed  tlua  current  of  electricity  w  determined  as  in 
to  Ihe  influence  of  galvanism,  arising  the  two  former  cases, 
from  the  circle  form^  by  the  metal  and  (84.)    Greater  permanency  may  be 

two   different   fluids.      He   considered 

that  in  the  act  of  drinkinf;,  one  side  of  •  rtUMgpjkMf  n 
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given  to  the  efiieets  of  these  combins-  often,  if  the  interval  of  time  wu  eonsi- 

tions  of  a  single  metal  with  tno  fluids,  derable,  a  violent  electric^  efiect;  the 

bj  a  diiposition  of  the  plates  similar  to  piece  of  raetal  first  pluneed  in  beinsDe- 

tne  trough  of  Cruickshanks,  ^th  pEtr>  ^tive  with  relation  to  the  other.    Thia 

titions  aftemately  of  metal  uid  of  horn  is  owing  (o  the  rapid  formation  at  the 

or  glass ;  and  with  the  cells  filled  al-  surface  of  contact  of  sulphuret  of  cop- 

ternalely  with  the  different  solutions,  per,  which,  by  its  presence,  prevents,  or 

BGCordinz  to  the  kind  of  combination  at  leait  diminishes,  the  further  action  of 

employed;  these  fluids  t>einK  connected  tiKfluid;  the  clean  surface  of  the  plate 

in  paira  with  each  other,  oy  slips  of  last  introduced   ia   therefore    attacked 

Biotstened  cloth,  carried  over  the  non-  comparatively  with  ^ater  force,  and 

conducting  plates.  determines  a  gnlvamc  efibct.*    Manjr 

(6S.)  Efficient  ^vanie  cirdea  may  singular    and    apparently     capridoua 

also  be  formed  with  a  sin^e  metal  and  changes  of  electric  states  occur  m  these 

with  tlie  same  fluid  solvent,  (an  acid,  and  other  exp«nments  of  the  same  kind, 

for  examjile,)  provided  the  action  of  whenever  new  substances  are  produced 

the  latter  is  different  on  Uie  two  udes  by  the  chemical  action,  which  at  first 

of  the  metal,  by  beW  of  difiierent  de-  adhere  to  the  metal,  but  are  liable  to 

grees  of  strengtn.    Tiius,  if  one  of  the  be  detached  in  smaller  or  larger  por- 

branchea  of  a  tube,  bent  in  the  form  of  tions,  and  thus  occasion  sudden  altera- 

a  V,    contun  concentrated    sulphuric  tions  in  the  condilioiu  of  the  galvanic 

acid,  while  tlie  same  acid  in  a  diluted  elements: 

state  occupies  the  other  t>rancti,  in  which  (37.)  Having  thus  seen  hew,  under 
case  the  two  fluids  will,  on  account  certain  circumstancea,  it  is  possible  to 
of  the  difference  in  thdr  spedfic  grv  form  various  galvanic  comtiinationa 
vities,  remain  without  mixing  with  each  with  a  single  metal  and  a  single  fluid,  it 
other ;  and  two  portions  of  the  same  remfuns  for  us  to  notice  the  atlempta 
metal,  sine  for  instance,  be  then  im-  tliat  have  been  made  to  produce  thft 
mersed  in  these  fluids,  and  made  to  same  efibct  without  the  aid  of  any  me- 
communicate  with  each  other,  golvuiic  tallic  substance,  or  even  of  charcoal. 
electriciW  will  be  evolved,  and  deter-  Lagrave  announced  that  by  placing  upon 
mined  from  the  metal  to  the  diluted  eadi  other  alternate  layers  of  muscle 
acid,  in  consequence  of  the  action  of  and  ot  tmun,  from  a  human  body,  with 
this  portion  of  acid  upon  the  linc  beinx  piecea  of  moistened  doth  or  leather  in- 
greater  than  that  of  the  concentrated  tnposad,  hs  formed  a  pile  which  pro- 
acid.  Butwith  those  metala,  which  are  duocd  galvanic  effects.t  Dr.  Baconio, 
more  acted  upon  by  the  latter  than  by  of  Milan,  compcH«d  a  galvanic  pile  en- 
the  former,  the  influence  of  the  concen-  tirely  of  vegetable  substances :  namely, 
trated  acid  will  preponderate,  and  the  discs  of  red  l>eet-root,  two  inches  m 
current  will  be  determined  in  an  o^  diameter;  and  discs  at  waJnut-tree,  of 
polite  direction.  In  like  manner  it  baa  the  same  siie,  divested  of  their  resin  by 
been  observed,  that  two  aolutions  of  digestion  in  a  solution  of  cream  of  tar- 
common  salt,  the  one  concentrated,  the  tar  in  vinegar.  With  a  pile  so  con- 
other  diluted,  form  a  galvanic  circle  structed,  and  with  a  leaf  of  scurvy- 
with  copper ;  that  metal  being  more  grass  as  a  conductor,  he  is  said  to  have 
acted  upon  by  tlie  latter  than  by  the  excited  galvonio  convulsions  in  a  fi'CW.t 
former,  became  negative  to  the  one  Aldini  alao  succeeded  in  producing  the 
and  positive  to  the  other.*  same  effect  without  the  intervention  of 

(86.)  The  ^)plication  of  these  princi-  anj  metallic  substance ;  sometimes  t>y 
pies  mil  explain  a  variety  of  apparently  bnnging  into  contact  the  nerve  of  one 
anomalous  nets,  which  are  continually  animal  with  the  muscle  of  another,  and 
preaentiiig  themselves  in  the  course  of  at  otho-  times  bv  employing  the  nervea 
experimental  researches.  Sir  H.  Davy  and  muscles  of  the  same  animaL  la 
observed,  for  instance,  that  when  two  some  of  his  experiments  the  most  pow- 
pieces  of  the  same  polished  copper  were  erful  contractions  were  excited,  by 
mtroduced  at  the  same  moment  into  the  bringing  the  parts  of  a  warm-blooded 
tame  solution  of  hydro- sulphuret  ofpot-  animal  into  contact  with  those  of  a  cold- 
ash,  there  was,  as  might  be  expecteif,  no  blooded  animal.    On  introducing,    for 

action ;  but  if  they  wore  introduced  in , ■ 

succession,  there  was  a  distinct,  and  •  puiionphioii  Tntmiaciinni  few  ism,  n.  go. 

..     - t  UnTitaiil  FAgliqu,  IvL  iU;  ui  flkholmi^ 
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eiumple,  into  one  of  the  eui  of  an  ox  t  ouoertun  the  justneH  of  Volta'i  oom- 
recetiUy  killed  e  flii)^  of  one  hand,  puiion,  pasted  the  shocks  given  by 
moiatened  wUh  a  solution  of  salt,  uid  living  torpedos  through  the  interrupted 
huldin?  in  the  other  hand  a.  prepued  circuit  made  b;  Rilver  wire  through 
frog,  when  Iho  spine  ot  the  frog  was  water,  but  oould  not  perceive  thatjt  pro- 
mode  to  touch  the  tongue  of  Ine  ox,  duced  the  aligtiest  deoompoBition  of  that 
aonvulKions  lookplaoein  thelimboftlie  fluid.  The  same  shocks  made  to  pass 
frog.  In  like  manner,  when  he  held  a  through  a  fine  silver  wire  less  then  one 
prepared  frog  bv  one  hand,  moistened  thousandth  of  an  inch  in  diametrr  did 
with  solution  of  lalt,  and  applied  the  not  produce  ignition.  Volta,  to  whom 
ciniral  nerves  of  the  animal  to  the  tip  Sir  H.  Davy  communicated  the  result* 
of  his  own  tongue,  convulsions  were  of  these  experiments,  considered  the 
produced.*  Many  of  these  enperimcnta  oondilions  of  the  orgeiu  of  the  torpedo 
were  made  in  preienoe  of  the  Diemberi  to  be  best  represented  by  a  pile,  of  which 
ot  a  commisiian  of  inquiry  appointed  by  the  ftuid  substance  is  a  very  imperfect 
the  French  Institute:  and  they  have  conductor,  such  aJ  honey;  and  whioh, 
■inoe  been  repeated  with  success  in  though  it  communicated  weak  shocks, 
London,  at  the  Anatomical  Theatre  in  yet  did  not  decompose  water.  Sir  H. 
Great  Windmill  Street  Davy  also  ascertained  that  the  electrical 

(88.)  It*  ie  wall  known  that  several  shocks  given  by  the  torpedo,  even  when 
fishes,  such  as  the  torpedo,  which  is  a  powerful,  produced  no  sensible  effect  on 
species  of  ra;r ;  the  ^mnotu*  efae<rtc*M,  an  extremely  delicate  magnetic  clectro- 
or  the  electrio  eel ;  the  tilunu  eleotri-  mttar.  In  a  paper  reoently  read  at  tho 
CM,  a  species  peculiar  to  eome  of  the  Royal  Society,  he  explains  these  ne^- 
rivers  in  Afrioa ;  and  also  the  triMurut  tive  results  by  supposing  that  the  motion 
indieu$,  and  tetraodon  el<ielriau,  whicn  of  the  electricity  in  the  organ  of  the  tor- 
are  fishes  found  in  the  Indian  ocean  pedoisinnameaiurable  time,  and  want* 
possess  the  pow»  of  giving  eleclrica)  that  continuity  of  current  requisite  for 
shocks  toanimtus  that  tnuohthem,  or  the  production  of  magnelic  effects. 
communicate  with  them  by  electrical  (so.)  Mr.  (Jeoflhiy  St.  Hilaire  has 
conductors.  Anatomical  investigation  found  an  organic  structure  very  similar 
has  shown  that  this  power  resides  in  to  that  of  the  torpedo  in  other  aiumalt 
organs  of  a  very  peculiar  construction,  of  the  ray  genua,  which,  nevertheless,  do 
In  the  torpedo  they  are  composed  of  a  not  possess  any  electrical  powers, 
great  multitude  of  vertical  and  parallel  (ii.)  Eleotncal  effeols  are  obtained 
membranous  plates,  arranged  in  longi-  trom  a  pile  composed  of  Ihin  plates  of 
tudinal  column*  of  quadrangular,  pen'  different  metals  in  the  usual  order,  with 
tagonal,  or  hexagonal  forms,  with  a  loose  discs  of  writing  paper  Interposed  between 
nfft-work  of  tendinous  fltirea  passing  them.  This  species  of  pile  was  the  in- 
transversehf  and  obliquely  between  theco-  venlion  of  Mr.  De  Luc,  who  gave  it  the 
lumns,  and  uniting  them  firmly  together,  name  ot  the  alecMad  coiumn.  It  may 
Each  column  is,  moreover,  dividM  fay  a  be  constructed  of  pieces  of  paper,  silver- 
fcreat  number  of  thin  horisontal  parti-  cd  on  one  side,  by  means  of  sUver  leaf, 
tiont,{dac«dovereachother  at  very  small  and  alternated  with  thin  leaves  of  xlnc; 
distanoes,  and  farming  numerous  in-  taking  care  that  the  siWerad  siirfHcei  of 
terstices,  which  appear  to  contain  a  the  paper  discs  are  always  in  the  same 
fiukl.  All  thaac  parts  are  supplied  by  a  direction.  A  very  large  number  of  these 
mat  abundanoe  of  blood- vestelfl,  and  may  be  contwnnl  in  a  glass  tube  of  roo- 
by  a  itlU  mor«  extraordinary  proportion  derate  length,  previously  well  dried, 
ofntaYes.  having  its  ends  covered  with  sealing- 

(89.)  la  the  regular  arrangemmt  of  wax,  and  capped  with  brass.  The  most 

Iheb'  i^es  these  organs  have  a  iDM^ed  extensive  instrument  of  this  hind  waa 

reeemblance  to  a  volttdo  batterv ;  we  made  by  Mr.  Singer,  and  consisted  of 

know  nothing,  however,  of  the  imme-  tvrenty  thousand  series.    Each  of  the 

diate  source   Diwm  which  they  derive  two  ends  or  poles  ot  the  column  aAct 

electrical   properties.    Mr.  Cavendish  the  electrometer,  and  exhibit  eleetrioal 

compared  Uie  action  of  the  torpedo  to  attractions  end  repuMons  ;  the  appara- 

that  of  a  large  electrical  Jar  ver}[  weakly  tus  will  even  pve  sparky  and  commu- 

eharged:  and  Volta  considered  it  as  still  nicate  shocks  of  considerable  force:  but 

mote  analogous  to  that  of  the  galvanic  i(  possesses  no  sensible  power  of  chemi* 

pile.     Sir  Humphry  Davy,  with  a  view  cal  decomposition  when  applied  to  ftuids 

— •NicL^k^', /,««/.  iu.  in. in    the    inteirupted    circuit     It  two 
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upripM  decHcal  eolumfts  b«  placed  iid«  which  its  quantity,  intenilty,  and  mod« 

t^  Bide,  with  their  poles  in  oppoiite  di>  cf  action  are  regulated,    we  have  hI- 

rectioni,  and  connected  at  tnelr  wppa  ready  seen  that  the  intensity  of  the 

ends,  while  a  wnall  bell  is  attached  to  electricitydeveloped  by  a  sinrle  galvanic 

the  lower  end  of  each :  the  whole  wiil  circle.  Dears  no  relation  to  the  extent  of 

act  as  one  column,  and  each  bell  will,  surface  of  the  elements  whioh  compose 

inconsequence  of  the  electrical  actions,  that  circle.    It  follows,  therefore,  that 

be  alternately  struck  by  a  brass  ttall  however   much  Me  may  increaie  the 

suspended  between  them;  and  thus  a  quantityof  electricity  by  employing  very 

continual  hngine  will  be  produced  as  large  plates,  m  in  tne  caJorimotor,  we 

lon^  as  the  machine  remans  in  action,  cannot  oblain  fl-om  such  an  instrument 

which  is  generally  for  a  considerable  anj;  of  those  effects  which  require  for 

time.    This  action  is,  however,  kept  up  their  production  a  certain  Intensity,  na 

solely  by  the  prcaence  of  moisture  in  thd  well  as  quantity  of  elect rioily.    In  order 

paper,  for  it  does  not  take  place  at  all  to  obtain  these  latter  efieds,  we  must 

when  the  paper  is  perfectly  dry;  and  employ  the  compound  battery,  consist- 

although  the  process  of  oxidation  is  very  ing  of  a  considerable  number  of  alter- 

stow,  the  more  oxidable  metal  is  in  pn>  nationa  of  the  same  elements.     The 

cess  of  time  found  to  be  tarnished.  former  of  these  initmmenls,  aocord- 

(92.)  An  apparatus  somewhat  analo-  ingly,  will  be  capable  of  producing  such 

gous  to  that  Dt  De  l.uc  was  constructed  effects  as  depend  upon  mere  quantity, 

by  Hachette  and  Desormes  with  pairs  without  regard  to  intensity ;    such   as 

of  metallic  plates,  separated  by  layers  of  the  evolution  of  heat,  the  igtiilian  and 

farinaceous  paste,  mixed  wllh  common  deflagration  of  the  metals,  and  eleclni- 

■alt.    To  this  instrument,  although  it  magnetic  phenomena.    The  compound 

evidently  owed  its  efficacy  to  the  mols'  apparatus,  on  the  other  hand,  will  afford 

lui«  of  the  paste,  they  ^ve  the  very  in-  the  more  ordinarr  electric  appearances, 

^propriate  name  of  dry  pile.    It  haa  (such  as  the  spark,  and  the  phenomena 

the  same    properties    as   the    eleclric  o(  attraction  and  repulsion,)  will  affect 

column,  except  that  it  is  unable  to  ^ve  the  electrometer,  or  condenser,  and  will 


a  shock,  A  pile  having  nearly  similar  communicate  k  charge  to  a  Lt^en  jar- 
powers  was  also  constructed  by  Profes-  for  in  idl  such  operations,  intensily  of 
Bor  Zamboni,  of  Verona,  with  discs  of    electriiuty  is  the  most  essential  requisite. 


pwwr,  gill  or  silvered  on  one  of  their  and  the  power  of  the  battery  to  produc_ 

lioes,  wliile  the  other  side  was  covered  them  is   found  to  tie    augmented  by 

withalayetofpulveriiedblackoxideof  every  increase  in  the  number  of  the 

manganese,  mixed  with  honey.    Both  alternations.    But  there  Is  also  a  third 

this  and  the  former  instrument  retained  class  of  efi^ls,  mora  pecuUatlv  apper- 

theirpower  foragreat  length  of  time,  taininj  to  gslvaaism,  which  talte  place 

(93.)  Piles  formed  simply  of  disci  of  by  the  transmission  of  the  electric  cur- 
copper  and  moistened  card,  placed  al-  rent  through  bodies  of  inftrior  cnnduct- 
ternately,  were  found  by  Hitter  to  have  ing  power  ;  such  as  liquids  of  various 
no  power  of  developing  electricity  by  hinds,  and  living  organized  sIrucKuvs, 
their  own  action,  but  to  be  capable  of  both  animal  and  vej^lable  :  producing 
receiving  a  charge  by  bdng  placed  In  the  in  the  former  chemical  decomnosKion, 
circuit  of  a  powerful  voltaic  battery,  and  in  the  latter  various  physiological 
and  of  thus  acquiring,  though  in  an  etf^ls.  such  at  nervous  excitation, 
inferior  degree,  all  the  pro^teriies  of  the  muscular  contraction,  and  affections  of 
battery  itwlf  from  which  it  derived  its  secretion.  For  the  production  of  Uiese 
activity.  The  properties  of  these  h-  effects  it  la  necesaary,  not  only  that  the 
condary  pile*,  as  they  have  been  called,  electricity  be  suflciently  powerful, 
arc  obviously  the  eS^t  of  a  series  of  both  in  respect  to  intensity  and  to 
eleclrical  inductions,  extending  from  end  quantity,  but  also  that  it  sho^dflowin 
to  end ;  and  the  apparatus  is  found  to  a  eontinuoua  ouirent.  It  is  from  the 
retain  its  charge  for  a  veiy  considerable  difficulty  of  supplying  this  latter  re- 
time, provided  it  be  kept  insulated,  and  quliite,  that  the  electricity  derived  fVom 
the  communications  between  the  two  the  common  electrical  machine,  is, 
poles  are  not  renewed  too  freauently,  under  ordlnar7circumstanoes,incapabla 

<9t.)  Having  thus  traced  the  various  of  decomposing  water  in  the  way  that 

ways  in  which  galvanic  power  may  be  is   so  readily  accomplished  b^  voltaio 

excited,  we  have  next  to  examine  the  electricity.      It  is  from    deficiency  of 

influence  of  different  circumstances,  by  intensiiy,  on  the  Olber  hand,  that  we  are 
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unable  to  obWn  the  <une  effteti  firom  may  h&ve  a  mrftuM  of  copper  opposite 

the  cHlorimotor,  Trhich  amply  fulfils  the  to  it,  ($18.);   latd  alio  of  envekniing 

ctmditioDS  ot  quanlt^  and  continuity,  each  coil  of  cine  plate,  in  the  calon- 

The  electiicity  nhi^  it  fiinuahes,  how-  motor,  by  a  coil  of  sheet  copper,  ({  8.) 

ever  abundant  in  quantity,  does    not  Mr.  Manuini  baa  extended  this  [nin- 

pOGsess  sufficient  intensity  to  avercome  ciple  atill  furthor,  and  has  found  that 

the  obstacle  presented  by  the  srasllest  the  maximum  of  effect  takes  place  when 

thickness  of  water,  or  other  liquid  of  the  surface  of  the  copper  is  no  less 

Ion  condiidin^  power ;  and  is,  for  the  than  eight  times  greater  than  that  of  the 

same  reason,  incapable  of  penetratine  zinc. 

through  the  skin,  or  trETersing  throu^  (97.)  There  is  yet  another  cause  of 

any  other  part  of   an  animal  boay.  impediment  to  the  motion  of  the  electric 

Hence  we  can  obtain  from  it  neither  current  of  a  angular  kind,  and  which 

chemical  nor  phj^iolc^calefiecls.    The  produces  very  considerable  efieet.    It 

electricity    furnished    by    the   electric  appears  from  the  experiments  of  Ur. 

column  of  De  Luc,  again,  though  of  Augustus  De  la  Rive,  that  voltaic  etec- 

sufficient  intensity  (o  produce  the  shock  tricity,  in  passing  out  of  one  conductii^ 

and  other  effects  of  a  sudden  influx,  is  body  into  another  of  a  diSeient  kind, 

too  deficient   in  quantity  to  produce  alwayssustainssomelossofitsintensity.* 

chemical  action  ;  and  the  same  ^eral  The  amount  of  this  loss  vanes  much  in 

observalioni  ^ply  to  the  electricity  of  difierent  cases,  according  to  the  nature 

the  to  rpedo.  of  the  two  conductors ;  and  it  is  diffier- 

(95.)  Every  circumstance  that  faci-  ent  with  difi^nt  d^rees  of  intensity, 

litates  the  passage  of  the  electric  current  In  the  case  of  the  passage  of  the  elec- 

in  all  parts  of  the  circuit,  will  tend  to  tricitr  from  a  fluid  to  a  metal,  or  vice 

increase  the  quantity  that  circulates,  veria,  it  is  veiy  great,  and  it  is  sensible 

The  decree  of  conducting  power  pos.  even  when  it  has  to  pass  from  one  li- 

sessed  By  the  fluid  parts  of  the  circle,  quid  to  another,  or  along  a  mixed  oon- 

will,  therefore,  have  an  important  in-  ductor  composed  of  two  different  kinds 

fluence  on  the  power  of  the  apparatus,  of  solids.    The  impediment  arising  from 

Hence  the   addition  of  various  sahne  the  mere  change  of  conductor  is  quite 

iKidies  to  the  fluid  is  found  to  increase  independent  of  the  pecuhar  conducting 

the  efficacy  of  the  voltaic  battery,  pro-  powers  of  the  one  or  the  other  of  the 

bably,  in  part  at  least,  by  increasing  the  substances  through  which  the  electric 

conducting  power  of  the  fluid ;  but  as  city  passes.    Mr.  De  la  lUve  found,  for 

such  substances  generaLy  also  promote  example,  that  a  much  ereata:  obstacle 

chemical  action,  it  is  always  m  some  existed  to  the  iTansmission  of  the  elec- 

degree  doubtful  what  part  of  the  effect  tricity  between  sulphuric  acid,  especitiUy 

ia  to  be  ascribed  to  the  one  or  the  when  concentrated,  and  platina,  than  l>e< 

other  of  these  causes.  tween  nitric  acid  and  the  same  metal ; 

(96.)  As  the  fluid  element  of  the  and  accordingly,  on  sending  the  electric 
dicle  is  the  part  having  the  smallest  current  from  a  voltaic  battery  through  a 
conducting  power,  the  dectric  current  number  of  portions  of  sulphuric  acid, 
will  he  retarded  by  having  to  pass  contained  in  separate  glasses,  and  con- 
through  any  considerable  extent  of  fluid,  nectedby  arcs  of  platina  wire,  it  proved 
With  a  view  to  augment  the  activity  of  to  t)e  amuch  woiseconduclorthan  when 
the  battery,  it  is  an  object  to  bring  the  nitric  acid  was  employed  in  a  limilar 
two  metaUic  surfaces  of  Z  and  C  very  arrangement.  ButUieconductit^powers 
near  each  other,  so  that  the  distance  the  of  each  system  of  compound  conductors 
electricity  has  to  pass  from  ttie  one  to  were  immediately  rendered  equal  by 
the  other,  through  the  fluid,  shall  be  as  dipping  the  ends  of  the  platina  wires  in 
small  as  possible ;  and  for  the  same  rea^  nitric  acid,  before  immersing  them  in 
son  the  surface  of  C,  which  collects  the  the  sulphuric  acid.t 
electricity  from  the  fluid,  should  be  suf-  (98.)  In  general  the  more  readily  a 
ficiently  extensive  to  effect  this  purpose  metal  is  actSupon  by  hquid  conductors, 
completely.  Wehenceperceivethereason  the  less  is  the  diminution  of  intensity 
of  the  advantage  derived  from  employ-  which  is  sustained  by  the  passage  of 
ing  in  the  common  trough  battery,  ac-  electric  currents  through  them.  Mr. 
cording  to  the  suggestion  of  Dr.  Wol-  De  la   Rive   states  it  to  be  a  general 

laaton,  a  double  pKle  of  copper  to  each      , 

plate  o[  aiiic,  so  (hat  each  surface  of  the  ,  j„^,,^  calu^jm  !>*.»«.  mriLasT 

latter  metal  acted  upon  by  tha  fluid,  ;  j*;^";;',*  <»'■'•''*'■*>•'»".  """^W. 
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Uw,  that,  iDdependcntfy  of  fhe  effects  of  myt,  conilrt  ontf  of  &  >ra«U  number  of 

t^wmkal  action,  the  influence  of  the  pUtei,  the  electncitv  produced  by  it,  not 

obitaele  opposed  to  the  passage  of  dec-  tiavinf;  undei^one  the  alrave  process  of 

tricity  from  a  fluid  to  a  solid  conductor,  Vtratum,  u  it  may  be  called,  only  one 

is  such,  that  whoi  two  metallic  surfaces,  part  of  it  will  be  capable  of  passing 

nthercUF  the  same  or  of  different  metals,  through  an  imperfect  conductor,  wliich 

are  immorsed  in  a  fluid,  so  as  to  form  a  is  presented  to  it,  and  the  otherpart  will 

galvanic  circle,  that  metal  which  irant-  be  arrested ;  but  if  a  good  conductor  t>e 

mits  the  electridty  with  the  lee«t  lost  of  presented,  the  whole  of  the  electricity 

intensi^  ii  positiTe  with  respect  to  the  finds  a  ready  passage,  and  will  produce 

othar  metsL*  corresponding  effeets.    Electricity  of  the 

<99.}    The  influence  of  this  retarding  former  bind  onlv  will  be  capable  of  pro- 

oouie  TBries  also  with  the  intensity  of  ducing  chemical  decompositiona,  and  of 

the  current  ittetf.    llielossordectrioity,  pasdng  through  organixed  t>odies ;  but, 

from  its  passage  through  a  number  of  m  the  latta-  case,  it  will  be  adequate  to 

metriUc  plates,  is  scaroely  sensible  when  Qm  production  of  all  the  calon&c  and 

the  current  is  Y«Pf  energetio,  as,  for  in-  manietic  effects.    Tliese  modifit- aliens 

stance,  wbm  it  proceeds  from  a  battery  of  electricity  would,  if  this  theoiy  were 

composed  of  a  great  number  of  pUte* ;  estaUished,  have  a  remarkable  analogy 

but  it  becomes  more  and  more  percepti-  with  those  of  light  and  of  heat,  under 

ble,  according  as  the  original  mtensity  circumstances  somewhat  paralld. 

of  the  current  is  less  consideratile.    It  (101.)  It  must  t>e  observed,  howerer, 

is  also  remariiable  that  the  current  is  that  one  source  of  the  diminution  of 

disposed  to  pass  more  readily  through  effect  consequent  on  the  multiplication 

iroperfert  conductors,  which  present  a  of  surfaces,  exists  in  the  transfer  of  ele- 

grnt  d«ree  of  resistance,  when  it  has  ments  which  takes^ace  in  the  fluid  from 

previousfy  been  made  to  traverse  a  great  galvanic  action.    This  transfer,  as  is  re- 

numlMr  of  metallic  plates.    This  was  marked  by  Sir  H.  Bavy,  in  as  far  as  it 

jDustntted  in  two  comparative  experi-  has  actuaJly  occasioned  the  deposit  of  a 

ments,  in  the  first  of  which  a  current,  positive  element  on  the  negative  surface, 

originally  of  highinteniity,  was  reduced,  end  vtet  vertA,  has  an  immediate  in- 

by  pasfiw  Ihrcnigh  a  considerable  num-  fluenoe  in  checking  the  further  progress 

ber  of  [Utes,  tiU  it  was  equal  in  intcu-  of  the  galvanic  action  ;  and  arrests  it 

nty  to  one  originally  weaker,  that  had,  completely  when  it  has  proceeded  to  a 

inttwsecondexperiment,  passedlhrourii  certaiu  extent    Hence  the  powers  of 

■  smaller  number ;  of  the  two  cutrenb,  batteries  are  found  to  diminish  by  the 

thus  apparently  rendaed  equal  ra  every  continuance  of  tlieir  action,  and  ulti- 

respect,  it  was  nevertheless  found  that  malely  to  cease.    This  change  we  have 

the  one   which  had  previously  passed  already  notioed  in  treating  of  ttie  che- 

through  the  greats'  number  of  plates,  mical  actions  of  the  simple  galvanic  cir- 

vraa  thereby  rendered  capable  of  passing  cle.    (i  41.) 

through  any  succeeding  plate  with  less  (102.)  It  is  obvious  that  the  several 

loss  of  intensity  than  the  other  current,  causes  of  retardation  now  stated  render 

The  phenomena,  he  states,  correspond  it  exceedingly  difficult  to  determine,  pre- 

to  those  which  would  take  place,  if  we  vious  to  actusl  experiment,  the  reUtive 

could  imagine  that  there  were  two  dis-  powers  of  different  batteries,  composed 

tinct  kinds  of  electric  current — the  one  of  different  materials,  and  consisting  of 

capable    of    passbg    indiscriminately  different  numbers  of  alternations  of  its 

through  all  sorts  of  conductors,  good  or  parts, 

bad; ttieothercapahleofpaasingthrou^  (193.)  11  i>  not  ea^  to  understand 

IBod  conductors  alone.    Thepasstge  of  the  manner  in  which  the  chemical  ele- 

le  currents  through  successive  plates  ments  of  a  body  decomposed  by  gal. 

gradually  effect  the  separation  of  these  vanism,  are  earned  to  their  respective 

two  portions,  the  plates  arresting  the  stations  in  the  voltaic  drcuit.    Thus  if 

onewhichcannotpasssoreadilytbrough  the  influence  of  a  powerful  battery  be 

bad  conductors,  and  giving  free  passage  transmitted  through  water,  it  will  ope> 

to  the  other  portion.  rate  in  decomposing  that  fluid,  althou^ 

(100.)  M.Dela  Kive  has  applied  this  the  wires  which  fonn  the  communica- 

tbeory  to  the  explanation  of  tlie  different  tion  with  the  poles  be  at  a  conaider- 

cffects  resulting  from  the  increase  of  the  able  distance  from  eacti  other.    They 

number  of  the  plates.    If  the  pile,  he  may  even  t>e  placed  in  separate  vessels. 

17517  provided  the  portions  of  water  in  ntuob 


S 


J  I,  Google 


38  OAtVANISM, 

thi)^  terminiUe  ftre  >nad«  to  oommunt*  htva  appawed  ta  lonw  to  innpUcsble, 
wite  nilh  one  Another  by  maiui*  of  k  upon  tha  contnionly  recaived  doctrine  of 
■yphon  full  of  water,  or  ev«n  by  mout-  tha  (ompoKilion  of  waXot,  thai  ttwy  luve 
ened  thread*.  We  find,  vindar  th«M  hkdrMounetoanewhypothnUinorder 
circuniElance*,  tha  whole  of  the  oxysan  to  Holve  the  difficulty.  ProteMor  Ritter 
or  the  (lecomposed  watar  tnuiafanw)  to  wu  lad  to  oonrider  watar  aa  k  simple 
ttie  posilive,  while  Ibe  hydfoeen  U  aol-  lubitanca.  forming  oxygen  by  iti  com- 
Itctod  at  the  nagative  wire.  Two  ques.  bination  with  poaitive  elaatrictty,  and 
tiona  may  here  be  aakod:  tint,  in  what  hydrogen  by  ita  union  with  negatiTe 
part  ol'  the  oirouit  duet  tha  daoomposi-  electricity  ;  and  thia  theory  was  adopted 
tion  taJie  place  ?  seoondly,  in  what  mode  by  aeveral  other  philosophars.  Monga 
are  the  eleniant*  oi  |ha  daeonipoied  par-  endeavoured  to  aooount  for  the  phano- 
liclea  IranafWired  to  auoh  diatant  pointa.  mena,  l>y  auppo^ng  that  water  fanned 
without  any  indication  being  afforded  of  a(iQipo\indi  with  exoesa  of  ovygen  on 
their  raovemanta,  wliich  mutt  be  exceed'  the  ooe  hand,  or  eiaeia  of  hydrogen  on 
ingly  rapid)  in  onJar  to  traveria  through  the  other ;  which  oompoundi  paaaed  in 
K  long  a  ipaoe  ?  ThQ  velocity  of  thia  oppoiite  dir«olioiii  between  the  two 
transfer  would  appear  to  be  vary  aonai>  wir«a.  each  dapoiiting  on  their  arrival 
dwable  from  the  following  axparioiant  tha  superabundant  in^jredient.  Dr.  Bos- 
made  by  Dr.  Hoget.  in  the  year  1907.  took  wnceived  that  tlie  water  waa  de- 
The  eai»  of  two  pUtt»a  wires,  oommu-  composed  at  the  positive  wire  only, 
niosling  with  the  poles  of  a  powKful  where  its  oxygen  was  disengaged ;  and 
battery,  were  introduoed  into  two  aspa^i  its  hydn^en,  uniting  with  eteotrioity, 
rate  vessels  of  water,  communieating  I7  waa  oarriad  invisibly  along  with  it  to 
means  of  along  tut>4  bMit  into  the  fonn  the  necaJiva  wire>  vihere  this  union 
of  a  syphon,  and  filled  with  a  solution  b«iiu;  disaolved.  the  deotriulv  paased 
of  common  salt.  The  wh<il«  length  of  on  throng  Ibe  wir«,  and  the  itydrogen 
the  Auid  part  of  the  circuit  between  the  appeared  in  its  gaseoua  form, 
two  wires  was  48  inohea.  Microaoopas  (IM.)  The  following  mode  of  ex- 
were  applied  to  the  enda  ef  the  wiraa,  plaining  theae  phenomena  was  aug- 
for  the  purpose  of  enabling  the  obaerver  g*sted  ny  Dr.  Hojtat.  in  a  ^aper  wliich 
and  an  aasutant,  (who  was  the  late  Hr.  was  read  I0  the  PbiloaophicaL  Society 


Sylvaater,)  to  asentain  the  preoise  mo-    of  Mandiester,  in  1607. 

ment  when  the gaaesDiada  their Mkpear*        "We   may  conceive  ' 

ance  at  the  reipeoliva  wiraa.    No  bbr-    daetarioi^   to    extend   throughout   the 


sible  interval  of  time  eould  ha  pwoeived  «hok  of  tha  fluid  line  tuoneeting  the 

between  the  appearanoe  of  the  oxj^eH  two  wires.    Tha   hydn^en  existing  in 

gas  at  the  poailive,  and  of  the  hvdi^ea  amy  pattiola  of  water  in  this  Une,  vrill, 

gas  at  the  negative  wire,  when  the  oora-  if  it  posseaa  a  positive  eleetrieal  polarity, 

munication*  with  the  Ikattvy  were  made,  aceiu^ng  to  the    bypothe^a    of   Mr. 

(104.)  The  truster  of  material  and  Davy,  bo  repelled  by  the  positive,  and 
ponderable  aubstanoea,  such  as  those  atlraoted  by  tlie  negative  wire.  We 
which  constitute  the  elements  of  watw.  mat  ouisider  the  row  of  particles  of 
might  iM  expected,  even  with  a  moderate  hy^ogsB  abstractedly  from  tlwae  of 
vetooity,  la  oocuian  viaibJa  currants  in  oxygen.  White  the  fomar  ar«  movii^ 
the  fluid  through  whioh  UiBypasa;  for  togethar,  by  the  Bgeiioy  of  Ihettlectricity, 
their  motion,  by  whatever  force  pro-  in  a  direction  towards  the  nt^ira  wire, 
duced,must  baseoompanied  byaoertain  bD  those  particles  whit^  have  nut  yet 
momentum,  sufficient  to  displace  tha  rsaehed  that  wire,  will  marely  have  to 
partieles  of  tha  Auid  through  wtiioh  they  pass  over  in  euoceesion  fitim  one  par- 
pass.  Dr.  Rtiget  could,  however,  delect  ticle  of  oxygen  to  the  next,  anioi^  those 
no  appearance  trf  current  or  displace-  of  the  other  row.  Tlwy  will  not  appear 
ment  of  fluid ;  suoh  a*  would  t>e  Indl-  in  the  fwm  of  gas,  because  the  instant 
eated  by  movements  among  the  minute  each  has  quitted  the  particle  of  oxygesi 
globules  of  duat,  or  oth^  eitraneoua  with  which  it  waa  assoeiated,  it  meets 
matters  suspended  in  the  water,  even  with  another  to  eombine  with ;  and  thia 
with  the  asHstanoe  of  the  mkroseope,  process  will  be  continually  repeated. 
Mr.  Wilkinson  and  JVofeesordela  Rive,  until  it  has  arrived  at  the  ^ul  of  the 
have  also  arrived  at  the  same  conolu-  line,  when,  finding  no  oxyg«a  to  unite 
sion,  by  employing  uk»Msoopes  of  high  itself  with,  it  will  make.its  appearance 
magnifyias  power  in  tlie  form  of  gas.    In  like  manner,  the 

(ios.>  Tbeae  ^mbuinm  of  tntufer  Sift  partioto  irf  l^drogent  in  the  Kriet, 
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by  ihi  BbtndDninir  tha  ftrti  partide  of  Henahd,  and  he  hu  m«4e  4hem  the 

osygM,  whloh  find*  no  other  nartiole  of  tubjeot  of  an  intaHtting  re«6|iroh,  (^ 

hjrdragm  to  i«plaoe  It,  oauiei  the  oxygen  whiah  an  aoeount  ill  oontainej  in  the 

lo  appear  at  that  point  In  the  form  of  PhUasophioalTnntaotionH,* 
ga&  WehavethuithetwogaiM  fanned        (108.)  The  (ollowtng   singular    fact 

At  eaeh  end,  not  from  the  lame  indivi-  haa  hean  noticed  by  Mr.  Por)rett : — If  a 

dual  ptftiole  of  water,  but  from  the  two  vaiael  be  divided  by  a  membranoui  pai^ 

which  happen  at  that  moment  to  be  in  litlon  into  two  ooaiparlmiiiiti,  of  which 

contact  with  the  wires.    The  produalion  Ihe  one  w  filled  with  water,  and  the  othvr 

t4  the  two  gaset  will  take  place  at  the  eontaini  but  a  very  imall  quantity,  aud  U 

aama  instant  in  l>oth  plac«g,  each  pan-  Ihepoiitivewiremiina  voitaichatterybt 

tide  having  only  to  move  one  step,  that  ingerled  into  th«  former,  and  Ihe  nega* 

u,  from  one  partiole  to  the  adjuining  live  wire  into  the  latter,  the  water  will 

one,  instead  of  having  to  traverte  the  he  impelled  from  the  flrit  comparlinent 

whole  evtent  of  the  line,  and  no  ourrent  into  the  aecond,  through  the  parlitioni 

will  l>e  perceptible  in  (he  Auid.     If  this  and  wUl  at  length  rise  (o  a  highw  level 

theory  be  correct,  Ihe  operation  of  graf  in  the  latter  than  in  the  formerf  Mr. 

vily  in  favouring  the  deioending  current  A-  De  la  llive,  upon  repeating  Ihesa 

of  Ihe  heavier  element,  namely  oxygen,  experimenti,  arrived  at  tlie  anme  reault, 

might  be  rendered  lensitjle;  and  that  when  he  employed  diitilled    or   river 

thU  is  actually  the  oaae  appears  by  an  water,  whioh  nas  hut  a  sniqli  eonduot- 

otiaervation  of  Mr.  ByLveater,  that  wtien  \ng  power ;   when,  however,  a  salint 

the  wire  giving  out  oxygen  ia  plaoed  at  lalution  of  sufficient  strength  wai  ukl), 

R  muoh  lower  level  than  that  which  no  *uoh  elfect  of  impitliiujn  vraa  per. 

^ves  out  hydrogen,  Ihe  efibctiawnubly  ceptible.    Sut  the  reality  of  auoh  an 

)(realer  than  when  the   poatiani  are  efleot  under  the  above  circttmatancei,  ia 

reversed."  lufiioient  to  utahllsh  the  existence  at 

(107.)  Similar  explanalioni    of  the  a  meohanioal  'tree  derived    from  the 

mode  of  tranifar  have  been  given  by  eurrent  of  voltaio  olectripitv. 
Dr.  Henry,  and  by  Qrotthui,-  and  from        (lOs.)  We  have  already  had  oocaaion 

the  following  passage  in  Sir  H.  Bavy'i  to  otwerve  thut  a  thoory,  founded  upon 

last  paper  on  the  sutyect,*   It   would  (otaily  ditferent  viewa  of  Ihe  i(iuroe«  of 

■eero  that  he  entertained  viewa  aooie-  galvanic  power  from  thoM  which  have 

what  aimilar,    '■  H  It  be  supposed  that  now  been  atated,  ha<  been  applied  lo  the 

the  fluid  ii  divided  into  two  lonea,  di-  explanation  of  the  phenomena.  Aa  tliia, 

rectly  opposite  in  their  powers  to  Ihe  wliich   has    been  termed  the  ttectric 

poles  of  the  Itiltery,  the  virtual  change  Iheory  of  gabeanum,  has  been  adopted 

may  be  ret»nlecl  a«  taking  pluoe  in  the  by    several    eminent    philoaophers,    it 

Iwo  exireinities  of  these  lones  nearest  ought  not  to  be  conudered  aa  undeacrv- 

ttie  neutral  point ;  ao  that  by  a  leries  of  ing  of  notice  in  this  place. 
deoompoiitioni  and  recumpoiitione,  tlie        (DO,)  U  waa  conceived  by  Volta,  the 

alkaline  maltere  and  hydrogen  seper«le  oiiginal  author  of  thii  theory,  that  the 

at  one  side,  and  oxygen,  pure,  or  in  union,  piimaiy  source  of  the  electricity  liberated 

at  the  other.    In  this  way  the  electricity  during  the  action  of  a  galvanic  appa- 

may  be  regarded  as  the  transporter  of  ratus.  might  be  traced  to  Ihe  contact  of 

the  poiuleralile  matters,  whioh  assume  the  dissimilar  metals.    He  assumed  at 

their  own  peculiar  charaeteni  at  the  mo-  a  fundamental   fact,    that  during  the 

ment  when  they  arrive  at  the  paint  of  whole  time  that  these  metals  are  in 

nst."  That  visible  moliuna  are  lometimes  contact,  a  certun  force  is  in  constant 

produced    in   fluid   conduoton    when  operation,  lending  lo  effect  a  transfer  oi 

transmitting  the  electric    current,  has  electricitv  from  the  one  melal  to  the 

been  shown  ^  Sir  H.  Davy,  who  no-  otlier.    To  this  force  he  save  the  name 

ticed  the  very  singular  convulsive  agi-  cf  eleotromoHve  fom*.    When,  for  ex- 

tations  into  which  mercury  is  thrown,  ample,  tine  and  copper  are  in  contact, 

when  placed  within  the  chcuit  of  a  pow-  the  alleged  operation  of  this  force  is  lo 

eriul  vollaio  batteiy  discharged  through  impel  the  electricity  from  the  oopper  to 

waltr.f    These  motions,  which  are  fre-  the  zinc,  so  o»  to  maintain  in  the  laller 

quently  of  a  violent  and  capricious  kind,  a  positive  slate,  when  compared  with 

have  fdio  attracted  the  attention  of  Mr.  the  former,  which  will,  conseiiuenlljr 
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3a  OALVANISM. 

lUelf  bein  &ii($;atWe  itateivith  relation  catioiu,  becanM  ihere  ira  lerersl 
to  the  line.  If  either  of  these  states  be  fi^ts  which  appear  so  totsllf  at  yariance 
reduced  to  a  more  neutral  condition  by  with  the  imntedinte  consequences  of  its 
communication  with  other  bodies ;  Ih^  fundamental  hypothesis,  as  to  woiraitt 
is,  if  the  redundant  electrici^  of  the  us  in  reJectiuK  it-  Chemical  action  t>e- 
linc  be  carried  off,  and  the  aeficiem^  tweensomeofthe  elements  ofagalvanie 
of  electricity  in  the  copper  be  supplied  combination  is  so  invariablj;  connected 
from  other  sources,  the  electromotiTe  with  the  production  of  electrical  effects, 
force  will,  he  conceived,  immediately  that  it  would  be  a  violation  of  all  just 
renew  this  difference  of  condition,  and  rules  of  philosophy  not  to  consider  these 
thus  maintain  a  continual  and  rapid  two  ctawes  of  plienomena  as  standing 
current  of  electric  fluid,  flowing  always  to  each  other  m  the  relation  of  cause 
in  the  same  direction.  and  effect    The  quantity  of  galvanic 

(111->  II  was  further  assumed  ro  this  effect  is  always  in  proportion  to  the 
theot;  that  liquids  have  no  dectromo-  energy  of  the  chemical  action.  The 
tive  power  whenin  contactwith  metals:  extent  of  contact  between  the  two  me- 
and  that  this  ne^tive  proper^  enabled  tsls,  on  the  other  hand,  appears  to 
them  to  transmit  the  electrici^  evolved  have  no  relation  to  the  quantity  of  elec~ 
by  the  contact  of  the  zinc  and  coiner,  tiicity  which  is  developed.  Combinar- 
and  which  is  accumulated  in  the  zmc,  tions  producing  galvanic  effects  may  be 
back  again  to  the  copper  ;  whence  it  is  formed,  as  we  nave  seen,  with  a  nn^ 
again  transferred  to  the  sine ;  and  so  on  metal  only,  when  two  fluids  are  present ; 
in  a  perpetual  circle.  In  compound  and  indeed,  on  other  occasions,  without 
galvanic  circles,  the  electromotive  ftirca  the  presence  of  any  metallic  suttslance 
residing  in  the  surfaces  of  contact  be-  whatever.  We  have  also  seen  thiU  the 
(ween  the  two  metals  in  each  pair  of  same  metals  do  not  in  all  cases  stand  in 
plates,  are  all  tending  inthe  samedirec-  the  same  invariable  electrical  relation 
tion;  and  the  several  impulses  they  to  each  other;  but  that  this  relation  is 
^ve  to  the  electricity  conspire  together  determined  by  the  chemical  propertiet 
to  increase  the  effect,  nhicti  will  there-  of  the  fluid  with  which  they  are  placed 
fore  be  the  sum  of  all  the  forces  taken  in  contact,  (^  7S.}  All  these  facts  are 
separately.  Thus  will  a  continued  and  irreconcilable  with  the  electric  theoty. 
powerful  stream  of  electricity  be  deter-  (113.)  Were  any  further  reasonii^ 
mined  from  the  negative  to  the  positive  necessary  to  overthrow  it,  a  forcible 
pole  of  the  battery,  ready  to. circulate  argument  mi^ht  be  drawn  from  the 
through  any  conducting  line  of  com-  following  consideration.  If  there  could 
munication  extending  between  the  two    exist   a  power    having    the    prtmerty 

Soles.  The  office  of  the  fluid  is  consi-  ascribed  to  it  by  Oie  hypothesis, 
ered,  in  this  theory,  as  simply  that  of  namely,  that  of  giving  continual  im- 
conducling  the  electricity  from  the  one  pulse  to  a  fluid  in  one  constant  direction, 
metal  to  the  other:  its  chemical  action  without  being  exhausted  by  its  own 
on  either  of  these  being  regarded  as  a  action,  it  would  differ  essentially  from 
mere  accidental  circumstance,  not  in     all  the  other  known  powers  in  nature. 

Eway  concerned  in  the  production  of  All  the  powers  and  sources  of  motion, 
'anic  or  dectrical  effects.  The  eBtc-  with  Ihe  operation  of  which  we  are 
quantity  of  electricity  which  actually  acquainted,  when  producing  their  pecu- 
rarculales  in  the  voltaic  battery  is  sup-  liar  effects,  are  expended  in  the  same 
posed  to  be  determined  altogether  by  proportion  as  those  effects  are  pro- 
Uiedegreeofconductingpowerpossessed  ducsd;  and  hence  arises  the  impossi- 
by  tM  lit^nid  ;  for  it  is  assumed  that  bility  of  obtaining  by  their  agency  a 
the  quantity  which  the  electromotive  perpetual  effect ;  or,  vn  other  words,  a 
force  existing  at  even  the  smallest  sur-  perpetual  motion.  But  the  eleclro-mo- 
fhce  of  contact  between  dissimilar  me-  tive  force  escribed  by  Volta  to  the  me- 
tals could  set  in  motion,  if  the  move-  tals  when  in  contact,  is  a  force  which 
ments  of  that  electricity  were  not  as  long  as  a  free  course  is  allowed  to 
impeded  by  the  difficulty  of  its  trans-  the  decbricity  it  sets  in  motion,  is  never 
mission  throughfluids,  wouldbeincom-  expended,  and  continues  to  be  exerted 
parably  greater  than  that  which  any  with  undiminished  power.iD  theproduc- 
conductiRK  fluid  can  discharge.  lion  of  a  never-ceasing  efi^.    Against 

(1 13.)  Such  is  the  general  outline  of    the  truth  of  such  a  supcMMition,  the  pro- 
the  cle(^o  theory,  which  it  is  scarcely    babilities  are  all  but  inonitc 
neoessaiy  to  pursue  in  its  various  sf>pli- 
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Cbaftix  !•  two  ondca  of  that  metal,  tofether  with 

J  o_-     ■  J  *  ""*"  proportion  of  qiiar1»  snd  a)u- 

Oaural  Faett  ma  Fnnaput.  „i„^    n^  colour  varies  in  different  ipe- 

(1.)  The  atfraclive  power  of  the  load-  ^meat.  according  to  minute  difFmneM 

stone  fOT  iron  was  known  in  times  of  ">  't»«  proportion  of  the  oxides,  and  the 

Teiy  remote  antiquity,  »nd  has  been,  in  n^ure  of    the   other   iubslanceswilh 

aliigea,  a  subject  of  curiosity  and  of  which  they  may  be  fouhd  united :  but  it 

wonder.    It  is  a  property  which  »eem».  "  '"'^J  °'  »  '''^l'  (?«/  hue,  and  haa 

at  first  lieht,  so  unconnected  with  every  ■  ^"^  n«'^l"=  '""'re.    It  i*  found  m 

other,  as  to  form  of  itself  a  separate  considerable  masses  m  the  iron  mme* 

elass  araoni-  natural  phenomena:  and,  of  Sweden  and  Norway,  and  also    m 

allhough  an  immense  mft»s  of  knowledge  "1'®^'^''  <!'  A"**'^  '^'L'™^,,^'"^' 

rtlatine  to  Magnetism  has  been  accu-  *"<'  the  PhUipi»ne  Islands.  Small  load- 

mulated  by  the  labours  of  successive  ■'<»«»  >»ye  oecationallr  been  met  with 

generations,  and  embodied  into  ascience  among  the  iron  ores  of  England, 
of  high  rank  and  importance,  yet  the        (?■)  There  are  leveral  modes  in  which 

field  It  comprises  is  of  comparatively  "PieiJe  "f  "on  maybe  rendered  ma,^ 

limited  extent.    This  arises  from  the  n*'"^  O""  converted  into  what  is  called 

great  simplicily  which  characterises  both  ""  artijlaal  magnet;  and  for  aU  pur- 

thephenomenaandlhelawsthatgoyem  P*""   of  aocurate   expenraent   such  a 

them;  a  qualiiy,  however,  which  pecu-  m»Piet  is  much  to  be  preferred  I o  a 

liarly    invites  a    philosophic  mind  to  lo«»i»tone.    The  following  is  a  simple 

undertake  their  investigHtion.     A  still  and  ready  method  of  oblainmg  artificial 

more   powerful  motive  to   this  inquiry  magnets  with  a  view  to  the  mvesUgftlioa 

will  present  itself  when  we  reflect  oa  of  the  magnetic  properties. 
the  signal  benefits  mankind  has  derived       I*t  a  stra^ht  bar  of  hard  tempered 

from  maimetism  as  applied  to  the  pur-  steel,devoidofaUi)«re«ptiblemagnelisiii, 

poses  of  navigation.    The  discovery  of  be  held  in  a  vertical  ™9ition   (or  sliU 

Sw  comp«si,l.y  the  aid  of  which,  the  ^^'"■-  '"  ^P°?"'"?^. ":«''"'  '"S'"?**.  *° 

mariner,   however  distant    fi^    land,  the  perpendiciilw,  the  tawer  end  Jeviat- 

amidst  cloudy  skies,  or  in  the  darkest  '"K  'o  the  north.)  and  struck  several 

nurhts.  is  enabled,  at  all  times,  to  steer  •«««  blows  with  a  hammer ;  it  will  be 

hii  course  with  certainty,  and  traverse  fo"1? '"  *""«  .«!quired,  by  this  prooew, 

in  all  dh«ctions  the  wide  expunses  of  *"  *""  prop»t«s  of  a  magnet, 

ocean  which  separate  the  countries  and  ,   (?■)  These  properties  are  the  four  fol- 

continents  of  our  globe,  must  unque*.  lowmg:— vis.   1.  Polarity.    3.   Attrac- 

tionably  rank  among  the  great  discove-  ''on  of  unmagnetic  iron.    3.  Altrachoii 

ries  that  have  e.sentialiy  contributed  to  w>d repulsion  of  magnetic  iron.    4.  The 

advance  the  civihiation  of  the  human  power  of  inducing  magnetism  in  other 

jj,^^  iron.    Theie^e  shall  now  explain  and 

(2.)  The  term  MaoifBTisif  expresiet  illustrate, 
the  peculiar  property  ocoeswnally  pos-  ,    . 

teiwd  by  certain  botfies.  more  especially  f  '  ■  *^o"*"'9- 

by  iron  and  some  of  its  compounds,  (6.)    If  a  bar,  which  has  been  ren< 

whereby,  under  certain  circumstances,  dered  magnetic,  be  supported  in  such  a 

they    mutually    attract    or   repel    one  manner  as  to  have  entire  freedom  of 

utotber,  aecoitling  to  determinate  laws,  motion  in  a  horizontal  plane,  and  be  re- 

(3.)  Thn  property  waa  first  noticed  moved  from  the  neighbourhood  of  aU 

in  a  mineral  suratance  called  the  nativB  ferruginous  bodies  which  might  in&U' 

amgtui.or  the  looittone,  whicti  is  an  enee  it.  it  will  spontaneouily  turn  round, 

pn  of  iron,  coniiiting  chiefly  of  the  and,  after  a  few  oeeillatioiu,  will  finally 
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Mttle  in  a  pcwition  directed  nearly  north 
»nrt  south.  If  it  be  disturbed  from  thii 
iriUiiition  (ind  pliced  in  any  other  direc- 
tion, it  will,  ai  won  bi  it  »  again  at  li- 
berty to  move,  mume  its  former  posi- 
tion. The  end  of  the  bar  which  point* 
to  the  north,  is  that  which  was  fowei^ 
most  at  the  time  it  acquired  its  maenet- 
ism  by  hammering :  the  end  which, 
duiing  that  operation,  had  t>een  the 
upper  one.  is  consequenUy  that  which,  "■,",■"""";"' 
wfien  the  magnet  is  f^  to  mote,  directs     "'77*"^, 


"X" 

When  thus  Hlted   up.  It   nets  like  the 

needle  of  a  mariner's  campaM  ;  anii   in 

principle  ii  identical  with   that  in- 


Wen 


jmay 
:pedi«it  to  fix 
of  cork,  and  thus 


sometimes  find  it  n 


it  float  o[ 


Pig.  3. 


ittelf  1o  the  south.  The  two  ends  of  a 
magnet  of  this  form  are  called  its  pt^ei ; 
ths  one  which  spontaneously  tnrns  to  the 
north,  iHinK  distinguished  as  thi  north, 
and  the  other  as  the  tovlh  poler  and 
th«  tendency  of  the  magnet  to  assume 
the  above  described  position  is  called  it* 
Poiarity.  The  straisht  line  joining  the 
two  poles  of  a  magnet  it  called  its  axit. 
(7.)  There  are  taveral  ways  of  tup- 
porting  a  magnet  so  as  to  enable  it  to 
manifest  its  Mlar^.  Tlwre.di«t  mode  i„  »  basin.  In  this  case,  we  must  (ak« 
b  to  sutpana  It  by  a  thread,  faatened  ^„  however,  that  it  be  kept  at  a  suffi- 
cient distance  from   the  sides  of  ttic 


ffg.  1. 


mund  it  at  th«  middle,  k  that  it 
may  be  aiiSiciently  b«laiiaed  to  pre- 
serve its  horifontal  poaition  at  It  turns 
£r«ely  round  itt  oentre.  It  eannot,  in- 
deed, turn  thus,  without,  at  the  same  time. 


beinfr  affected  by 
ttie  eajrillwy  attractions  of  the  traler. 

The  same  precaution  must  be  used  if 
the  magnet  be  made  to  float  on  the  sur- 
ttee  of  mercury,  which  is  an  excellent 
mode  of  pving  it  complete  liberty  of 
motion.  But  the  vessel  containing  the 
mercury  ihould  be  at  least  six  inches  in 
diameter,  in  order  to  fuard  ngainst  the 
efTecIa  of  the  curvature  of  the  nurface 
ef  the  mercury  near  the  sides.  When 
the  surface  of  the  mercury  is  very  ^e*n 
■nd  bright,  which  happens  only  when 
the  metal  is  verv  pure,  it  allows  ol  the 
ready  motion  of  pieces  of  iron  floating 
upnn  it  But  it  soon  tarnishes,  and  the 
film  of  oxide  whioh  forms  on  the  surface, 
becomes  a  g>%at  impediment  ■ 
freedom  of  ro-'--"  "'  "■-  »'—'■—■ 


either  twisting  or  untwisting  the  thtwi  ^Th^iZSlLnL!iLiT^1.i   f,  ?' 

bywhichithanKs;andther^ionofthe  The  bert  way  of  rendermir .  clean,  is  lo 

Ifiread.  the  fibrl.  of  which  tend  to  resume  "^"J  "   *^7«^  *  ^T      "    '"'P^^ 

their  original  .itualion,  or  the  foroe  of  •*"!^  "P  ,'"*"  '  T  ',    VJ  .t   "J*^ 

torsion.  M  it  it  oalW,  may  prevent  the  »P,f "«  :^.*«^?°'"V'  ^^""^  the  fw- 

magnet  from  assuming  the  precise  po-  *'**  "^  "■ '"«''  ">  diameter, 
sition  lo  which  iis  polarity  would  have 

slender  thread,  and  takini;  it  of  sufficient  '^  •' 

length,  the  force  of  torsion  may  be  so  (10.)    If   either  pole   of   a  maf[net  be 

much  reduced  as  to  be  quite  insensible  biought   near  any  small  piei-e  of  toft 

in  the  experiments  about  to  be  descritwd.  unmagnetic  iron,  it  will  be  found  lo  U- 

(8.1  Another  convenient  mode  of  ex-  tract  it.    Iron  filings,  for  instanoe.  »re 

amining  the   horizontnl   movements  of  immediately   oollecttxl  together  when   a. 

the  magnetized  b*r  is  to  poise  it  on  its  magnet   is   placed   amoni:   1h*m  ;    and 

centre,   hollowed   into  a  cap,  whiiih  is  they  adhere  more  especially  lo  the  poles 

nMetorestoaa&nepoiDtfixedinastand.  (u  shewn  ia  ^.  4,  A},  from  which. 
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Fig.  4.  (13.)  If  Om  two  bodiM  exerting  a 
mutual  action  upon  on«  another,  be 
very  diHfereot  in  therr  siw,  the  umaller 
of  the  two  will  neceisarily  exhibit  the 
effects  of  thii  action  more  itronel;  than 
the  larger,  becaiiae,  its  mass  being  less, 
the  same  force  will  communicate  to  it  a 
KTeater  velocity  of  motion.  We  find, 
accorclin^y,  that  the  small  frafrmenis  of 
when  the  magnet  is  lifted  np,  they  re-  iron  in  Ihe  experiment  just  described, 
main  suspended  in  Ihiek  clustera.  (fly.  appear  to  fly  lovards  the  maenel,  while 
4,  B.)  A  small  number  of  filings  are  their  reciprocal  action  on  Ihe  magnet 
also  found  adherent  to  the  intermediate  itself  is  imperceptible.  But  this  litlter 
parti  of  the  bar,  hut  they  are  evidently  action  may  be  rendered  sensible  by  try- 
attracted  much  more  feebly  than  those  lag  its  effect  on  a  magnet  poised  or  sus- 
&t  Ihe  ends;  it  may  also  be  remarked  pended  in  any  of  the  ways  above  men- 
that  there  is  a  part  of  the  magnet,  gene-  tioned ;  and  ve  ahall  find  that  on  pre- 
rally  mid-way  between  the  two  ends,  to  aenting  a  pieee  of  soft  iron  to  either  of 
which  the  filings  have  no  tendency  to  the  poles  of  the  mnenet,  the  latter  ia 
adhere  at  all,  and  which  appears  there-  slowly  attracted  by  the  iron.  The  «t- 
fbre  lo  have  no  power  of  attraction,  traction,  therefore,  between  the  magnet 
Thus  it  appears  that  the  attractive  and  the  iron  is  reciprocal, 
forces,  whatever  be  their  nature,  reside  Let  us  next  see  what  inflnenca  mag- 
chiefly  at  the  poles.  oete  have  upon  one  another. 

(1 1.)  It  is  an  established  law  of  na^  ,  „    ,,,      ,. 

ture,  the  knowledge  of  which  we  have  5  3.  Attraelvm  md  Repulnon  qfMag- 

derived  by  induction  from  a  vast  variety  nme  Iron. 

of   plienomena  occurring  in  every  part  (13.)    For   the    purpose    of  examining 

of  the  material  universe,  that  all  action  the  mutual  action  of  two  magnets,  we 

is  attended  by  a  corresponding  reaelion,  may  either  present  to  the  poised  magnet 

equal  in  degree,  but  opposite  in  its  kind,  another  magnet  held  in  the  hand,  or  we 

to  the  ai^ion  itself.    Mechanical  philo-  may  place  two  poised  magnets  in  dif- 

sophy,  in  all  its  departments,  abounds  ferent  positions  with  respect  to  each 

with    exemplifications   of   this    fund^  other.      We   shall   find  by  sufficiently 

mental  principle;  man^  of  these,  indeed,  varying  these  positions,  that  wlien  the 

are   matters   of   familiar   olMervalion.  poles  of  different  magnets  are  brought 

The  stretched  rope  pulls  back  with  equal  near  one  another,  they   in  some  ca-ies 

force  at  t>oth  its  ends  ;  the  compressed  appear  to   l>e  attracted  towards    each 

spring  resists  equally  in   two  opposite  other,  while  in   others   they  manitest  a 

directions ;     the   exploding  powder,   at  mutual  repulsion.     This,  however,  does 

the  same  moment  that  it  propels  the  not  happen  capriciously ;  fonfwemark 

ball,  gives  to  the  gun  its  recoil.     In  all  the  poles  according  to   the  diilinclion 

the  effects  resulting  from  cohesion,  b^m  already  pointed  out,  we  shall  find  that 

daaticily,    from    caloric,   from  animal  twonortn  polesalways  repeleacholber; 

force,  from  gravitation,  whether  actual-  — that  two  south  pules  also  repel  each 

ing  the  minutest  particles  of  matter,  or  other ; — tuit  that  the  north  pole  of  one 

the  largest  masses;  whether  exerted  on  magnet  invariably  attracts,  and   is  of 

the  rolling  waters  of  the  ocean,  or  dis>  course  attracted  by  the  south  pole  of 

played  on  the  grander  scale  of  the  pla-  another  magnet, 

net  ary  movements,  the  same  universal  (14.)  It  thus  appears  that  there  are 

law  is  rigidly  observed.    To  every  phy-  two  species  of   magnetic    powers,   the 

aiol  force  there  is  opposed  another  and  northern  and  the  southern,  which  in 

a  similar  force.     No  material  agent  can  their  mode  of  action  are  perfectly  simi- 

EDduce  an  effect  upon  another,  without  lar,  but  in  their  effects  are  directly  op- 
ing at  the  same  time  subjected  to  an  posite. 
equ^  reaction  from  that  other  agenL  (IS.)  Such  of  our  reiulers  as  have 
Ai  attracting  Ixxly  must  of  necessity  be  studied  our  Treatise  on  Electricity  must 
itself  atttaclM,  and  a  repelling  body  re-  here  be  struck  with  the  pomt»l  aiiHliigy 
pelled.  This  perfect  reciprocity  of  ac-  which  subsists  bet wefn  the  pliennniena 
tion  takes  place  in  all  the  agencies  of  of  magnetic  attraction  and  rcpulNion, 
electricity; — it  enit<  also  in  those  of  and  those  of  electricity.  In  both  liiere 
nagnetism.  exiit>  the  tame  cbander  of  double 

Ba 
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BK^iciM  of   opposite   kinds,    cspoble,  ^^^^^^^^^^^— _  /^^K 

when   separate,   of    acling   with    great  ^SBHHBHMIBb  Ij**^ 

energy,  but  t>eiiig,  nhen  combioed  to^-  ^                I 
Iher,  perfectly  neutralixed   and  exhibit- 
ing no  sign  of  acti»ity,    Ai  there  were 

two  electrical  powers,  the  positive  and  n. 

the  negative,  or,  as  some  prefer  denomi-  °' 
noling  them,  the  vitreous  and  the  re- 
sinous,  so    there    are   two    magnetic 

powers,  distinguished  as  the  northern  hold  it  horiiontally  a 

and  the  southern  polarities ;  or,  as  some  of  a  strong  magnet,  i        ,    _ 

choose   to  designate  them,  the  austral  lontal  position,  but  not   touching  the 

and  the  boreal.     The  parallel  is  most  key;  andifvre  then  qtply  another  lieht 

exact.    Both  sets  of  phenomena  are  go-  piece  of  iron,  such  as  a  small  nail,  to  Ihe 

verned  by  the  tame  characteristic  la<N,  other  end  of  the  key,  the  nail  wilt  hang 

which  may  be  expressed  by  Ihe  follow-  from  the  key,  and  wiQ  continue  to  do  so 

"  '  '  while  ne  slowly  withdraw  the  magnet 
horiiontally  from  the  key.  When  the 
magnet  has  been  moved  lieyond  a  cer- 
tain distance,  the  nail  will  drop  from  the 

(  4.  Induction.  key,  because  the  magnetism  induced  on 

(16.)  The    communication   of   ma?-  the  key  becomes,  at  that  distance,  too 

nelic  properties  to  iron  or  steel  by  the  ""^  'o  support  the  weight  of  ihe  nail, 

mere  approach  of  the  poles  of  a  magnet.  That  this  is  the  real  cause  of  it*  falling 

is  abo  analogous  in  its  principal  cir-  off  may  he  proved  by  taking  a    shU 

cumstances  to  eleclric  induction.  lighter  fragment  of  iron,  such  as  a  piece 

-■-     ,  of  very  slender  wire,  and  applying  it  to 

■'^'s-  **■                       ,  the  key.     The   msKnelism   of  the   key 

^^^^S  B^h'  ^af  ^'"  ''"'  ^  sufficiently  strong  to  support 

^^^^*  ^^^  ^n  ^^'  "''^'  "'"''S^ ''  <""■'<'  "ot  support 

■*                     BCD  (he  nail;  and  it  will  continue  to  support 

If  the  north  pole,  N,  of  a  magnet  A  Ihe  wire,  even  when  the  magnet  is  yet 

t,/^.  5),  be  brought  near  to  the  end  »  of  further  removed  ;   at  length,   however, 

an  unmagnetized  bar  of  iron.  B,  that  when  Ihe  distance   is  still  greater,  the 

end  will  mimediately  acquire  the  pro-  wire,  in  its  turn,  drops  off. 

perties  of  a  south  pole,  while  the  oppo-  The  same  effects  may  be  observed  if 

site,   or  distant  end,  n,  will  at  the  same  the  nail  lie  placed  in  contact  with  Ihe 

time  be  converted  into  a  north  pole.    If,  near  end  of  uie  key ;  but  they  are  gene- 

instead  of  the  north  pole,  N,  the  south  rally  less  distinct,  on  account  of  the  di- 

poke,  S,  had  been  presented  to  the  bar,  reel  influence  which  the  magnet  exert* 

Ihe  changes  effected  in  B  would  have  on  the  nail,  and  which  interferes  in  some 

been  jusi  the  reverse;  the  adjacent  end  degree  with  the   action  of  the  key,  so 

would  have  acquired  the  northern,  and  that  the  results  become  complicated. 

the  distant  end  the  southern  polarity.  (19.)  The  same  series  of  phenomena 

(17.)  Thus  we  may  observe  that  each  take  place  when  the  key  is  held   above 

Eile  of  a  magnet  induces  the  opposite  or  below  Ihepole  of  the  magnel,  or  on 

nd  of  polarity  in  that  end  of  ttie  iron  either  side  ^f  it.    The  key  will  hold  the 

which  is  nearest  to  it.and  the  same  kind  nail  or  wire  suspended  from  either  end, 

on  the  remotest  end  ;  just  as  happens  in  as  long  as  the  magnet  is  near  enough  to 

the  induction  Of  electricity,  in  which  tiie  exert  sufficient  influence  on  Ihe  key. 

positive  state  induces  the  negative,  and  (20.)  If  Ihe  key  be  laid  upon  a  piece 

the  negative  the  positive  state,  in  those  of  paper  on  a  table,  and  several  small 

parts  of  an  insulated  conductor  which  bits  ot  wire,  or  iron  filings,  be  strewed 

are  nearest  to  the  eleatrified  body ;  and  round  one  end  of  the  key,  which  we  sup- 

a  similar  state  of  electricity  in  Uie  dis-  pose  to  bt  devoid  of  all  magnetic  pro- 

tant  end.  perties,  no  adhesion  will  be  perceptible 

(18.)  That  the  iron,  while  it  remains  between  the  fragments  of  iron  and  the 

in  the  vicinity  of  the  magnet,  possesses  key.     t«t  us  now  approach  the  pole  of  a 

the  magnetic  properties,  may  be  shown  magnet  to  the  other  end  of  Ihe  key ;  we 

by  B  variety  of  experiments.  immediately    observe    the    filings    and 

I^st,  it  attracts  oilier  iron.     If  we  lighter  pieces  of  iron  spontaneously,  and 

take,  for  instancei  a  key  (^.6),  and  ofoneaccord,moTetowBrdsthekey.and 
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lulhert  to  it  just  as  if  the  key  had  itMlf  and  let  the  weight  which  this  magnet 
become  a  mafrnet.  They  also  col-  will  carry  be  ascertained  by  attaching  lo 
lect  and  cohere  together,  as  if  animated  the  iron  a  scale,  capable  of  holding  the 
by  a  common  sympathy.  When  this  neighls  necesiaiy  for  Ihis  trial,  and 
has  taken  place,  let  us  suddenly  remove  Khich  may  be  gradually  increased  till 
the  magnet  that  moment  all  these  ef'  the  piece  of  iron  drops  off  from  ttie 
feels  cease  at  once,  the  key  returns  to  magnet.  Repeat  this  experiment,  hav- 
its  natural  or  unmagnetic  state;  the  ing  previously  placed  a  bar  of  iron  in 
bits  of  iron  which  had  attax^ed  them-  contact  with  the  other  pole  of  the  mag- 
selves  to  it  immediately  fall  off,  and  net,  and  it  will  be  found  thut  the  mag- 
ahow  no  tendency  either  to  cohere  among  net  will  now  support  a  much  greater 
themselves,  or  to  adhere  to  the  key.  weight ;  showing  the  increase  of  powel 

(21.)  Secondly,  the  vicinity  of  a  mag-  it  has  derived  from  the  presence  of  the 

net  to  a  piece  of  iron  gives  it  Itie  pro-  bar  of  iron  which  has  been  applied  to 

perty  of  attracting  and  repelling  the  re-  the  other  pole,  and  the  induced  magnet- 

spective  poles  of  another  macnet,  in  the  ism  of  which,   although  solely  derived 

same  way  as  a  magnet  would  nave  done,  from  the  magnet,  reacts,  by  a  kind  of 

Hie  truth  of  this  proposition  may  easily  secondary  induction,  upon  that  masinet. 

t>e  proved  by  placing  a  small  compass  We  have  already  had  occasion,  in  the 

needle  poised  as  in  Jig.  2,  in  various  si-  Treatise   on  Electricity,   to   notice  the 

tuations  relative  to  the  ends  of  the  key  or  same  kind  of  reaction  in  the  case  of  eleo- 

any  other  pieA  of  iron  of  a  lengthened  trie  induction.    The  increased  intensity 

shape,whileinlhevicimtyof  the  magnet,  which  a  magnet  acquires  t>y  inductkni 

II  will  be  seen  by  this  examination  that  often  leads  to  the  permanent  acquisition 

thepiecoofironhasacquiredbj^indoction  of  power  by  the  magnet.  Hence  we  may 

two  poles,  the  qualities  of  which  will  be  understand  the  reason  why  a  magnet  that 

discoveied  by  their  attractions  or  repul-  is  employed  for  magnetizing  a  neutral  bar 

■ions  of  the  poles  of  the  compass  needle,  ot  steel,  by  means  of  its  inductive  powar, 

as  they  are  respectively  presented    to  becomes  itself  stranger  by  the  operation. 

each  ;  and  it  will  be  foond  that  these  (24.)  It  is  a  necessetr consequence  of 

two  poles  are  disposed  in  the  maimer  the  law  of  magnetic  inouclion  that  it  is 

apeufie^. above.  accompanied  by  attraction  :  for  the  po- 

(22.)  Thirdly,  th^  iron,  which  has  be>  larity  of  the  adjacent  end  of  the  piece  of 

come  magnetic  by  induction,  has  at  the  iron  on  which  the  magnetism  is  induced, 

same  time  acquired  the   power  of  in-  is  always  of  the  opposite  kind  to  that 

ducing  a  similar  state  of  magnetism  on  of  the  pole  of  the  piece  which  induces  it : 

the  iron  in  its   neighbom'hood.     Thus,  according  to  the  fundamental  law   of 

while  thebar  B.^^.S.isrenderedmag-  magnetism,  therefore,  amutual  attrac- 

netic  by  the  influence  of  the  magnet  A,  tion  must  take  place  between  them.  The 

it  exerts  itself  a  similar  power  on  an-  remote  end  of  the  piece  on  which  the 

other  bar  C,  rendering  it  also  magnetic,  magnetism  has  been  induced  is  indeed 

Ttw  bar  C,  in  its  turn,  will  act  in  like  repelled,  because  its  polarity  is  similar 

manner  upon  another  bar,  D,  end  so  on.  to  that  of  the  inducing  pole :  but  it  ia 

In  this  way  the  influence  of  the  magnet  A  evident  that  the  attractive  action  of  the 

may  be  made  to  extend  along  a  series  of  adjacent  and  dissimilar  pole«  will  always 

iron  liars  or  pieces  of  any  other  shape,  be  stronger  than  the  repulsive  action  of 

each  acquiring  magnetism  by  the  indue-  the  more  distant  poles ;  and  will  there* 

tive  power  of  the  preceding  piece ;  and  in  fore  alwavs  prevail, 

ill  turn  inducing  magnetism  on  the  next.  (25.)  This  remark  leads  us  to  a  very 

(23.)  But  this  is  not  all.    The  piece  important  step  in  the  generalization  of 

of  iron  which  has  been  rendered  magne-  the  magnetic   phenomena.    We   have 

tic  by  the  vicinity  of  a  magnet,  not  only  hitherto  spoken  of  the  altraclive  power 

acts  upon  the  other  iron  that  is  near  it,  of  magnets  for  iron  as    one    of   the 

but  also  reacts  upon  the  magnet  from  primary  facts  in  the  science:  butwenow 

which  its  power  is  derived,  and  increases  see  that  it  is  merely  aneceisary  result  of 

the  intensity  of  its    magnetism.    The  a  more  general  law,  namely,  that  of  in- 

power  of  a  magnet  is,  in  fact,  augmented  duction,  together  with  the  law  of  action 

by  the  exertkm  of  its  inductive  influence  ot  the  two  polarities  upon  each  other : — 

on  a  piece  of  iron  in  its  neightwurhood.  or,  in  other  words,  that  it  is  itself  com- 
A  simple  experiment  is   sufficient    to '  prehended  in  these  more  general  facts, 

prove  this  fact.  A  magnet  attracts  a  piece  of  unmag- 

Let  a  piece  of  iron  tw  suspended  from  netic  iron,  not  f^om  any  inherent  dispo- 

one  of  the  poles  of  a  straight  magnet ;  sition  to  attract  it  in  that  state,  but  in 
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which  converts  it,  f(»-  the  time,  into  *. 
Mcoml  ma^et,  hftving  its  poleH  bo  du- 
poxed  wilh  relation  lu  the  fint  mignet, 
that  the  adjacent  puti  have  altray a  op- 
pMi'e  poUritiei ;  and  attraction,  there- 
lore.  twuH  place  tietween  them.  Thus 
the  piwes  A  and  B,  Jig.  5,  attract  each 
other.  liroplv  because  the  induced  mag- 
netiam  of  tlie  end  t  is  of  the  opposite 
kind  to  that  of  the  pole  N.  In  like  OMn- 
ner  B  and  C  atliact  each  other,  because 
the  polarities  of  the  adjacent  pole*  n  and 
*"  l>eJn^  of  a  dissimilar  kind,  their  mu* 
tual  action  is  attraction.  With  respect 
to  this  ultimate  effect,  the  inductive  in> 
fluence  of  either  pole  is  exactly  alike, 
and  leads  to  the  same  result 

(26.)  We  may  now  understand  the 
reason  vhy,  when  a  magnet  in  placed  in 
a  heap  of  iron  fllinica,  and  then  lifted 
up,  the  filings  attach  themselves  in  clus- 
ters to  the  polea,  arranging  themselves 
in  lines,  and  adhering  toKether  by  aforce 
of  attraction  which  extends  from  each 
individual  particle  to  (tiose  which  precede 
and  follow  it.  They  form,  indeed,  fay 
their  mere  juxtaposition,  under  the  in- 
fluence of  the  large  magnet,  a  series  of 
minute  ma^neta,  of  which  the  polea  are 
similarly  situated  in  each,  and  being 
alternately  north  and  south,  the  adjacent 
ends  attract  one  another. 

(37.)  This  disposition    of  the   poles 
may  be  verified  b^  mailing  an  experi- 
ment of  the  same  kind  on  alarger  scale, 
■uspending  from  the  end  of  a  strong 
magnet  a  piece  of  iron,  luch  as  a  key  (Jig. 
7>,  from  thelowerend  of  which  asmailer 
nv  •        key  may  be  made  to  hang 
^  ^      in  consequence  of  its  in- 
H       duced  magnetism.  To  this 
H      may  be  appended  a  still 
H      smaller  piece  of  iron,  such 
H      as  a  aail;  and  we  may 
H       thusproceed.adding  piece 
H      after  piece,  till  the  lower 
H       one  will  exert  only  suS- 
^Xm^  cient  attraction  to  sus- 
C       -J   tain  a  very  small  weight 
of  iron,  such  as  a  small 
needle.    The  polarities  of 

Bthe  lower  ends  of  each 
piece,  if  examined  previ- 
■""  ously  to  each  additional 
piece  being  appended  to 
it.  will  be  found  to  be 
constantly  of  the  same 
kind  as  that  of  the  lower 
end  of  the  mat^et  from 
whiuh  the  whole  is  sus- 
pended. This  may  be 
woertaioed    by    ila    at- 


baetbiff  orrapeDing  tM  polei  of  ft  nnall 
magnne  needle  balanced  on  a  point, 
and  supported  on  a  stand,  ai  iboWn  at 
M./f.  7. 

(SH.)  The  knowledge  of  the  gOMnl 
bet,  that  magnetio  indoction  alwm 
tends  to  produce  attratfiou  between  lh« 
adjacent  parta  of  the  bodies  which  act 
upon  each  other,  enables  ui  to  explain 
many  phenomena,  which  might  other- 
wise appaar  to  be  at  variance  wilh  the 
simple  laws  of  attraction  and  repulsion 
already  stated.  Thus  we  find  that  the 
dissimilar  poles  of  two  magnets  attrart 
each  other  with  a  force  which  is  greater 
than  the  repulsion  exerted  Iwtween  the 
'  similar  polea  of  the  same  magnets ;  and 
this  happens  because,  in  Uw  fomxi 
case,  the  tendency  of  induction  is  to 
strengthen  the  magnetic  power  of  the 
adjacent  disiimilar  poles;  but,  in  the 
latter  case,  where  the  poles  are  nmilar, 
each  pole  lends,  by  its  inductive  influ- 
cnoe.  to  weaken  the  raagnetiim  of  the 
other.  This  is  exemplified  in  a  still  more 
striking  manner,  wtien  a  weak  magnet 
is  brought  near  to  a  much  more  power- 
ful one:  in  which  case  we  find  that. 


the  weaker  magnet  is  repelled  by  the 
similar  pole  of  (he  strong  one ;  yet,  if  it 
be  brought  very  near,  and  eapedally  if  it 
be  made  to  touch  the  latter,  it  ia  at- 
tracted, and  will  even  adhere  wilh  some 
force  to  the  strong  megneL  This  effect 
evidentljr  results  from  the  powerful  in- 
ductive influence  of  the  strong  magnet, 
which,  tor  the  time,  destroys  the  fe«bl« 
polarilf  of  the  we^  magnet  at  the  part 
immediately  adjacent,  and  imprMses 
upon  it  a  polarity  of  an  opposite  kind : 
whence  attraction  follows  as  a  neces- 
sary consequence  of  contrary  polarities. 

(39.)  The  intensity  of  magnetic  power 
developed  hy  induction  in  an  iron  bar, 
was  found  by  Mr.  W.  S.  Harris  1o  he 
inversely  as  the  distance  oF  Itie  inducing 
pole  from  the  adjacent  end  of  the  bar  on 
wluch  it  acts.  It  would  also  appear, 
from  the  experiments  of  the  same  gen- 
tleman", that  the  intensity  of  the  mag- 
netism induced  on  the  remote  en  J  of  the 
bar,  is.  wilh  the  same  inductive  power 
acting  on  the  nearer  end,  inversely  as 
the  length  of  the  bar. 

Magnetic  induction  is  not  confined  in 
its  operatkm  to  any  particular  direction ; 
thus  a  bar  of  iron  will  be  render^i  mug- 
netic  if  place<l  at  right  angles,  or  at  any 
other  intiination  to  the  axis  of  the  mag- 
•TMsiuUoiitgf  Uulte^lliiiiciet/  i>t£duibvgh 
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nat,  or  Una  Joinlnf  Its  tw)  polei,  u  in  of  th«  pcdnN  will  Imtc  a  itTomur 
the  lituktionsreprcstnted  in>^.  a.  Tlw  northern  pohuilrthtn  in  lh«  IkiI  caMb 
—     ^  Analogoiu  cCEccti  may  he  observed  in 

'  pieoee   of    iron  of   an    irregultr    shape 

when  aoled  upon  b^  a  roagnel ;  the  put 
immediately  adjoining  to  the  north  pole 
of  the  magnet  toquirts  the  propertiea  of 
a  touth  pole,  and  all  the  remote  prolti- 
berance*  hues  feeble  northern  polarity. 

i  9.  Contplex  Induction. 
{32.)  When  two  mainieti  are  placed 
*o  a*  to  exert  an  inductive  influence  on 
the  »ame  bar,  it  will  depend  on  their  re- 
lative position,  whether  thej  shall  con- 
siiire  to  produce  the  same  polaritiei  in 
the  ends  of  the  bar,  or  whether  thej 
shall  oppose  each  Other,  and  prodiiue 
contraiy  poUntiei.  If  the  bar  B,  Jig. 
13,  lie  between  (he  two  magnets  A  and 


yl 


ends,  I,  t,  of  the  bats  B,  C,  adjoin> 
ing  the  north  pole  N  of  the  magnet  A, 
will  still  become  south  poles  by  induc- 
tion, and  the  ends  n,  n.  nnrlh  poles. 
Under  these  cir<SiirasIances,  if  the  incli- 
nation be  less  than  a  right  angle,  as  in 
the  case  of  C,  the  opposite  pole  of  the 
mnsnet  *  begins  to  exert  an  inductive 
inftuence  on  the  other  end  of  the  bar  n, 
which  concurs  with  that  of  the  pole  N 
in  rendering  n  a  north  and  t  a  south 
pole.  The  most  favourable  position  for 
the  bars  receivinE  the  full  inductive  in- 
fluence of  both  poles  ia  that  of  parellelism 
with  the  magnet  A,  as  shown  m  fig.  9. 
Rg.S. 


(30.)  Complicated  effects  result  from 
bringing  the  magnet  in  contact  with 
other  paria  than  the  ends  of  a  piece  of 
iron.    Thus,  if  the  north     Eig.io. 

pole  of  a  magnet  be  placed  

in  the  middle  of  an  iron 
bar,  as  in  Jig.  10,  both 
extremitiei  of  the  bar  are 
rendered  north  pole*,  while 
the  middle  is  a  south 
pole. 

(31.)  If  the  north  p<de  of  a  magnet  be 
pUcad  on  the  centre  of  a  round  iron 
plale  (Jig.  1 1).  u  that  its  axis  may  bt 


1     Fig.  1 0. 
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fig.ii. 


perpcRaicniir  to  it,  the  plate  will  have  ■ 
soutb  pole  in  ita  centre,  and  every  part 
of  its  orcumfennw  will  have  the  pro- 
pertie*  of  ■  weak  north  pcda.  Iftbeplale 
kre  the  linnof  ft  itu  (  V*  19>>  mA 


Fig.  13. 


C,  and  b«  in  the  same  line  with  them, 
and  if  N,  the  north  pole  of  A,  be  adja- 
cent to  S,  the  south  pole  of  C,  the  inter< 
mediate  bar  B  will  receive  a  magnetism 
of  the  same  kind  from  the  inductive 
power  of  both  the  magnets,  it*  south 
pole  t  being  adjacent  lo  N,  and  ita 
north  pole  n  to  8-  II*  magnetic  power 
will,  (nerefora,  be  eonaidembly  greater 
fh>m  the  united  influenoe  of  the  two 
magnets,  than  it  would  have  been  from 
the  influence  of  one  only. 

(33.)  It  may  here  be  observed  that  the 
order  in  which  the  polaa  of  these  piece* 
A,  B,  and  C,  suocwed  one  another,  is 
exactly  the  same  a*  that  wtuoh  obtalna 
in  tlie  sucoessive  induction  of  magnetism 
along  a  series  of  iron  bars,  a*  in  Jtg.  ^. 
Nowthesameoonsaquencea  follow  trom 
this  atrangement  in  the  one  case  as  in 
tbeotber.    Wehavajust  seenthatwhen 


a  iitm  bar  B,  which 
the  m^net  A  liad  induced  upon  it,  is 
incraaaed  by  the  preteDca  of  C.  In  like 
manner,  wa  find  that  tbe  magnetism  ot 
the  bar  B,  in  the  case  above  referred  to, 
y^.  ft,  is  increased  by  the  preeenee  of  ano- 
tSai  piece  of  iron  C,  placed  at  its  end,  al- 
though that  piece,  previously  to  its  being 
ao  placed,  was  eotvdyfree  from  magnet- 
ism, liiis  increase  is  owing[  lo  tba 
piece  C  having  beeome  magnetic  by  its 
position  with  respect  to  B,  which  had 
itaeU  been  rendmd  magnetic  by  the 
vicinity  of  tbe  magnet  A-  C  having 
thus  bMona  ft  tanporaiy  nugsrt  ty 
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th«  noKcm  of  B,  nuti  apon  B,  tad,  «x-  piecei  of  iron  wire,  fig.  IS,  be  euh  ftt> 

ertint;  a  nen  inductive  influenoe,  tendi  tened  to   a  Ihreul,  Ide   threwlii  being 

to  increue  its  magneiiim  in  the  lune  joined  at  their  other  ends  imd  fonn«l 

manner  ai  if  it  had  been  a  pernuuicnt  into  a  loop,  by  which  they  are  to  be  «u»^ 

magnet.     Thui  it  it  that  in  a  lerie*  of  pended  from  a  hook  or  pin,  so  ai  to  hnve 

iran  bars  held  together  by  induced  mae-  full  liberty  to  move.    On  bringini;  the 

IWtism,  each  piece  tends  to  increase  Ine  pole   of  a  mafcnel,  the  south   pole  for 

strength  of   the  preceding  piece,  and  instance,  at  a  crrtain  distance  below  the 

the  irtiole  cohere*  tether  with  greater  wires,  it  will  occasion  them  to  recede 

force  than   if  no  such  reaction    took  firom  each  other,  as  sheim  iafig.  15,  in- 


place.  This  circumstimce  affords  a  fur- 
ther explanation  of  the  strong  cohesion 
we  obMTve  among  the  pHiticle*  of  iron 
filings,  which  hang  in  long  threads  from 
the  pole*  of  a  magnet. 
{34.)  A  closer  attention  to  the  conse- 

Juence*  which  flow  from  magnetic  in- 
uction,  will  aiao  enable  us  to  explain 
another  remarkable  fact,  which  the  ad- 
hesion of  the  strings  of  iron  filings  pre- 
sents. It  is  that  each  separate  filament, 
although  composed  of  parts  that  attract 
each  other  in  the  direction,  of  their 
length,  yet  shew  a  tendency  to  keep  dis- 
tinct from  the  neighbouring  filaments, 
and  even  appear  to  r«pel  one  another. 
In  order  to  understand  thi*,  let  us  coiv- 
sider  the  condition  of  several  slender 
iron  bars  placed  side  by  side,  and  ad- 
hi'rine  to  the  north  pole  of  a  magnet,  a* 
shewn  m^.  14.  The  in- 
ductive power  of  the  ma^- 


J^.15. 


Pig.M. 


net. 


WlU 


render  each  of  the  end) 
contact  with  that  pole,  a 
snntli  pole,  while  all  the  re- 
mote ends  will  be  north 
poles.  Hence,  the  bars  will 
all  have  their  similarpoles 
near  each  other,  ana  this 
will  happen  at  both  their 
xtremities,  and  they  will 


Rg.  H. 
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dicaling  the  remilsion  which  lakes  pUea 
between  the  adjacent  ends  of  the  wirei, 
in  consequence  of  their  beini;  similarly 
affected  by  the  inductive  power  of  the 
magnet;  the  lower  ends  ol  both  being 
rendered  north  poles,  and  the  upperend* 
south  poles.  Thi*  divergency  of  the 
wires  will  continue  to  increase  until  the 


nearer  than  this  limit,  its  own  attractive 

.         ,                    •        ■       m  '''"*  becomes  so  strong  as  to  overpoww 
tber.    As  long  as  they  ad-           'the  repul^on  that  eust*  twtween  the 

here  to  the  magnets   by  one  end,  this  lower  enda  of  the  wire ;    and   therefore 

repulsion  will  be  prevented  by  that  ad-  brings   them  nearer  to   each   other,  ns 

hesion  from  shewing  itself ;  but  at  the  shewn  in  Jtg.  1 7 ;  while  the  repulsion 

other  ends,  which  are  at  libertytoroove,  of    the    upper   ends    «,  a,  still     conti- 

it  will  be  strongly  manifested,  and  the  nues  to  manifest  itself,  by  keeping  them 

bars  will  be  observed  to  separate  or  remote  from  one  another.    On  removing 

diverge  from  one  another.    Now  this  is  the  magnet  entirely,  the  wires  imme- 

very  nearly  the  condition  of  the  fila-  diately  collapse,  their  magnetism  being 

ments  composed  of  particle*  of  iron,  only  o(  a  transitory  nature.    But  if  the 

The  polarities  of  those  parts  of  each  same  experiment  be  made  with  sewing 

which  are  in  contact,  are  neutraliied  and  needles,  instead  of  soft  iron  wires,  the 

become  scarcely  sensible;  but  those   of  needles  will  often  continue  to  repel  each 

the  extremities,  being  uncompensated,  other  {ifter  the  removal  of  the  magnet, 

exert  their  full  power,  and  produce  the  having  acquired  some  degree  of  perma- 

observed  repulsion  of  the  filaments.  nent  magnetism  by  the  circumstances  in 

(35.)  This  efftct  of  induction  is  exceed-  which  they  have  been  placed. 

in^ty  well  illustrated  by  the  following  (3G.)  If  four  wires  be  suspended  in  a 

experiment  of  Cavalloi  let  two  shtHTt  manner  sinulu  to  tlwse  in  the  last  ex- 
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periment.  Moh  ti^  iti  lepirate  Ihresd,  endentthat  an  effect  of  anoppoute  luod 

the  inductionof&similKrmKgnetinn upon  miut  result  when  the  diuimilar  pole*  of 

all  of  them  will  produce  a  inutuBl  re-  j^-__  jg_            p^„  20, 

pulsion  among  tnem,  and  they  will  of  ^**  * 
coune  all  diverse  from  one  another. 
But  if  the  wirei  Be  made  of  steel,  ao  ai 
to  retain  whatever  magnetism  mav  be 
communicated  to  them,  and  a  northern 
polarity  be  given  to  the  tower  ends  of 
two  of  the  wires,  but  a  southern  pola- 
rity to  the  lower  ends  of  the  other  two 
wires,  when  each  of  these  pair*  U 
kept  apitrt,  the  wires  will  repel  each 
other ;  but  if  both  pain  are  brought  to- 
gether, all  the  four  mires  will  unite  and 
adhere  together.  T^e  reason  is  that 
those  wires  which  have  opposite  polari- 
ties attracting  each  other,  unite  to  form 

a  pair  in  which  the  polarities  are  ba-  the  magneli  are  both  applied  (o  the  same 

lanced,  and  the  repulsion  each  had  be-  end  of  a  bar.   These  poles,  being  of  dif- 

fore  exerted  towards  those  which  were  ferent  kinds,  will  produce  conlrary  ef- 

nmilar  in  the  other  pair,  is  now  entirely  fects ;  their  inductive  inftuence  will  op. 

neutralized.     The  same  thinv  will  hap-  pose,  instead   of  assisting,   each  other, 

pen,  however  numerous  are  the  pairs  of  and  the  magnetism  indui^   on   Ihe  bnr 

wires  that  are  dissimilarly  magnetized.  will  be  only  that  resulting  from  the  dif- 

(37.)  In  order  that  a  bar  of  iron  may  ference,  instead  of  the   sum  of  their  in- 

receive  the  combined  inductive  influence  tensities.     I(  the  bar  be  of  some  len^h, 

of  two  mat^nets,  it  is  not  necessary  that  and  if  the  maenets  he  of  equal  strength, 

they  should  all  be  situated  in  the  same  and  applied  close  to  each  other,  their 

line  as  in  the  example  already  given,  actions  upon  the  remoter  parts  of  the 

The  same  efi^ct  will  result  if  the  bar  be  bar  wiU  De  so  nearly  equal,  that  tber 

at  ri;;ht  angles  to  the  two  magnets,  as  in  will    almost   entirely    neutralize    eacn 

the  following  figure  (18),  provided  the  other,  and  no  sensible  Aegne  of  mag. 

p.     . .  nelism  will  be  excited.    Thus  if  while  a 

rtg.  la-  jjgy  jj  supported  by  a  magnet  as  mjig. 

'"  ■"''"-■  ■"'  20,  we  gradually  bringdown  upon  it  a 
second  magnet,  with  its  lower  pole  of  the 
opposite  kmd  to  the  lower  pole  of  the 
first  magnet,  it  will  tend  to  induce  in  the 

two  ends  be  immediately  acted  upon  re-  key  a  polarity  of  an  opposite  kind  to 

■pectively  by  the  polei  of  opposite  deno-  that  which  it  has  received  from  the  first 

minations  of  the  magnets.     The  atlrac-  magnet     In  as  far  as  it  exerts  that   in- 

tion  of  a  bar  in  this  situation  is  much  fluence    it    diminishes  this  magnetism, 

increased  bytheconspiring  inductivein-  and  consequently  weakens   Ihe   attrac- 

jluence  of  the  two  magnets ;  and  the  tion.    Another  cause  also  operates  in 

force  exerted  is  more  than  double  of  that  diminishing  the  attraction.  The  polarity 


Dy  wtuciiit  wouiotiaveaatiereutoeitner  induced  upon  the  adhennj 
of  the  magnets  when  singly  employed,  key  is  of  the  contrary  kind 
This  may  be  verified  \fy  attaching  the  pole  of  the  first  magnet;  ii  is  tnereiore 
scale  of  a  balance  to  the  bar  {fig.  19,)  of  the  same  kind  with  that  of  the  second 
and  adding  weights  till  its  adhesion  to  magnet  which  ia  brought  near  it,  and 
the  magnets  is  overcome:  these  weights  which,  therefore,  as  fi^  as  the  key  re- 
will  be  found  to  exceed  the  sum  of  the  tains  its  induced  magnetism,  must  repel 
weights  which  the  two  magnets  would  it.  Accordingly,  it  happens  that  when 
have  supported,  by  means  of  Ihe  adhe-  the  second  magnet,  if  sufficiently  power- 
sion  of  the  same  iron  bar,  if  they  had  ful,  is  brought  within  a  certain  dislaoce 
been  applied  separately  from  the  upper  end  of  the  key,  i[  de- 
(3S.)  While  such  is  the  effect  of  the  ap-  stroys  its  power  of  adhering  tothemag* 
plication  of  the  dissimilar  poles  of  two  net,  and  Ihe  key  drops  aS. 
magnets  to  the  ends  of  a  bar  of  iron,  A  similar  counteraction  of  magnetic 
namely,  that  of  conspiring  to  induce  the  induction  will  take  place,  whottbeolher 
HUM  kind  of  magnetiam,  it  ia  likewise  pole  of  the  second  raagiiet,  that  i>  the 
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pole  of  the  unio  denominktion  u  ihkt  south  pola  of  uiolber  magnet  B,  th» 

of  the  first  mfunet  to  which  the  key  iid-  key  will  instantly  drop  off.    The  reason 

heres,  is  applied  to  the  loicer  end  ol  the  is  that  the   magnet   B    tendi  to  induM 

key.     The  first  action  of  the  lower  mag-  upon  tharemoteorlowerenUortheforV, 

net,  as  it  approaches  the    key  under  a  contrary  polarity  to  that  whicli  is  in- 

Ihese  circum«tancei.  is  to  repel  it;  but  duced  upon  it  by  A,  and  thus  destrt^a 

on  heinq;  brought  still  nearer,  its  indue-  its  power  of  attracting.    The  fork  will 

tive  influence  becomes  so  great  as  to  re-  have  a  south  pole  at  a,  a  north  pole  at  b, 

verse  the  poles  of  the  key,  which  is  now  while  itv  lower  end  will  be  neutral.   If,  on 

attracted  by  the   pole  which  before  re-  thecontrary.thenorlhpoleofthe  magnet 

pelled  it:  it  then  generally  drops  off  and  B  had  alao  been  applied  to  the  branch  & 

adheres  to  the  lower  magnet.  of  the   fork,   its   influence  would   have 

(39.)  The  effect  of  applying   similar  conspired  with  that  of  A  in   inducing  « 

poles  to  the  two  ends  of  a  bar  of  iron  is  northern   polarity   at   C,   and   the   Lev 

genemlly  thai  of  inducing  the  opposite  wouldhavebeenmoTestronglyattractML 
polarity  on  both  ends  of  the  bar,  and  the 

sane  polarity  at  the  middle.     Thus.yl^.  S   G.    Different  Qaalitiet  q/"  Iran  and 
21,  the  north  poles  N,  N,ofthetwomag'         Steel  with  regard  to  Magnetic  Sue- 
_,  eeplibilitfi  and  Retentiveneii. 

■^•^'-  (41)  All  the  effects  we  have  hitherio 
described,  as  attendant  on  the  induction 
of  magnetism  on  iron,  ere  of  a  temnoraty 
nature,  depending  altosether  on  the  in< 

nets  A  and  C  being  applied  lengthwise  to  iluenee    exoited    by  the    neighbouring 

the  ends  of  an  intermcdiale  bar  B,  will  poles  of  a  magnet ;  for  we  find  that,  the 

render  it   a  magnet  with   three  poles,  moment  the  magnet  is  removed,  all  these 

those  at  the  end  being  south  poles,  and  effects  cease,  and  the  iron  returns  to  iti 

the  middle  beini;  a  north  pule.    In  this  original  state  of  neutrality,  and  loses  all 

case   the  bar  will  b«  attracted  by  both  ita  magnetic  properties.     But  the  caae 

the  magneta,  though  less  powerfully  than  is  diff'erent  when  steel  is  made  the  sut»- 

when  the  acting  pules  ot  the  latter  are  {ect  of  experiment.     Magnetism,  It  is 

of  opposite  kinds,  as  in  the  situation  tms,  may  be  induced  on  steel ;  but  the 

shewn  by^.  13.     In  more  compbcated  induction  proceeds  very  slowly,  and  is, 

cases,   and   more   especially    when  the  at  first,  much  more  feeble  than  it  is  with 

form  of  the  piece  of  iron  is  irregular,  it  iron.    Onthe  other  hand,  steelcioea  not, 

is  difficult  to  predict  the  exact  mode  in  like  iron,  lose  what  it  has  acquired ;  for, 

which  the  poles  will  arrange  themselves  on   the  removal  of  the  magnet  which 

when  magnetism  is  induced  upon  it  by  a  gave  it  the  magnetic  properties,   it  re- 

aingle  magnet,  and   still  more  when  the  tains   these  properties  nermanently:  it 

operation  ot  two  or  more  magnets,  ee-  has,  in  fact,  become  its^f  a  real  maimet. 
pecially  if  they  be  of  unequal  atreugth,         (42.)  This  remarkable  difference  ex- 

u  to  be  estimated.    The  following,  how-  isting  between  iron  and  steel  in  their  re- 

ever,  is  one  of  thoae  case*  in  which  the  spective   susoeptibility  to   receive,  and 

process  that  takes  placeismoreubvious,  capacity  to  retain  magnetism,  must,  no 

and  which   furnishea  an   amusing  illua-  doubt,   arise    from    some   peculiar  ar>- 

tration  of  the  genera!  prinoiple.  rangement  of  their  particles,  the  exact 

(4U,)  Take  a  piece  ot  iron,  C   C%.  nature   of  which  is  at  present  entirely 

23),  formed  into  the  shape  unknovin. 

of  a  fork,  or  of  the  letter      ^V-  22.  n  jg,  however,  esoeedingty  analogoua 

Y,   and  suspend  it  by  one  to  the  difference  in  the  qualities  of  eleo- 

of  the  lirancnesof  the  fork  tries   and   non- electrics  with   regard   to 

to  the  north  |)ole  of  a  aia.^-  the  power  of  conducting  electricity  ;  and 

net  A ;  its  lower  end  will  the    magnetic     phenomena     depending 

immediately  acquire  a  nor-  upon  it  admit  of  bemg  explained  on  an 

them  polanty,  and  will  at-  hypothesis  very  similar  to  that  by  which 

tractanothersmall  pieceof  we  are  enabled  to  account  for  the  eleC' 

iron,  such  as  a  key,  which  trical  phenomena  which  correspond  to 

may    therefore    easily    t»  them.      The   two    magnetic    ]iolaritie« 

eu|ipar1e(11>y  it.  White  the  may  be  conceived  to  reside   eonitantly 

key  is  thus  hanging  from  in  all  iron  or  steel,  and  in  Ihe  natural 

its  lower  end,  apply  to  tba  or  neutral  condition  of  these  bodies,  may 

fltbeibranohoflbefedtUiiB  be  tegarded  ■■  in  a  Mate  of  equiUbriuin, 

Digitized  by  Google 


HAONBTISU.  II 

ksd  u  equally  dwtnbnted  tbrongfaout  evident  thit  sn  indaetive  ution  eom> 
the  whole  mu>.  But  thU  (tale  of  «qu>-  meneei  immediately  on  the  mKnel'i 
librium  in  a  bar  i«  disturbed  by  the  in-  beins  pi'etented  to  thebtr;  forthe  latter 
fluenee  of  a  mai^etie  pole  in  the  vici-  ia  attracted  and  adheres  very  strongly 
nity,  which  exvti  an  induotive  influ-  to  the  niBKiiet  trom  the  very  nrst. 
enee.  Thii  new  force  which  eomeainto  The  end  next  the  magnet  hu,  there- 
play,  leads  to  transfer  one  kind  of  pola-  fore,  acquired  a  polarity  of  a  contrary 
rity  to  one  end  of  the  bar,  and  the  op-  nature  to  that  of  the  magnet.  For  the 
polite  polarity  to  the  other  end.  In  iron,  aake  of  greater  cleameH  of  illustration, 
these  changes  are  readily  effected,  on  we  shall  suppose  the  actualpole  of  the 
account  of  Ihe  feoiljtv  wtiich  its  peculiar  latter  to  be  a  north  pole.  The  near  end 
texture  affords  for  tne  transmission  of  of  the  steel  bar  is  at  once  converted  into 
these  agencies  in  both  directions.  No  a  south  pole ;  but  if  we  examine  the  re- 
SDoner  is  the  cause  which  has  produced  mote  ena  we  do  not  find.it  so  immedi- 
these  changes,  and  maintains  the  sepa-  ately  converted  into  a  north  pole.  A 
ration  of  (he  polaritiei.  removed,  than  sensible  time  is  required  for  efTecling 
all  the  effects  cease ;  for  there  exists  no  the  change  in  the  Ulter ;  and  It  will  be 
obstacle  to  the  return  of  the  two  polari-  found,  upon  a  more  careful  investitra- 
ties  to  their  original  situations ;  they  tion,  that  the  different  parts  of  tlie  liar 
revert,  therefore,  to  tlieir  former  state  of  from  south  to  north,  acquire,  in  suc- 
equal  distribution,  and  the  condition  of  cession,  this  northern  polarity,  which 
neutrality  is  restored  in  every  part  But  at  lost  settles  in  the  extremity.  If 
it  isnot  so  wilhsteel;  theconslitution  of  the  bar  be  of  considerable  length,  it 
which  is  such  as  to  interpose  impedi<  _,. 
menu  to  the  transfer  of  the  polaritiw  "S-  ^*- 
from  one  part  to  another.  It  requires  a 
certain  time  before  the  ottstruction,  what-  j 
ever  be  its  nature,  can  be  overcome ;  and 
before  the  new  state  of  distribution,  often  Di4)pens  that  the  northern  pola- 
whicb  induction  tends  to  estahliah,  can  rity  never  reaches  thus  far,  but  stops  at 
be  com^ted ;  nor  can  the  change!  a  nearer  point ;  and  in  that  case,  we 
themselves  ever  be  accomplished  to  the  generally  find  a  weaker  south  pole  ap- 
tome  extent  aa  they  are  in  bodies  which  peoring  at  some  greater  distance ;  and 
present  no  such  obstacles  It  is  also  9,  this  pole  also  travels  slowly  onwards 
necesauT  oonsequence  of  the  resislonce  till  it  attains  its  furthest  limit.  Thin 
which  tne  texture  of  steel  presents  to  is  oflen  succeeded  by  anotlier  north 
tny  ohani^  taking  piece  in  its  mag-  pole,  and  even  a  greater  numt>er  of 
netic  condition,  that  these  conditions,  alternations  will  sometimes  take  place; 
when  once  induced,  tend  lo  remain  in  each  successive  pole,  however,  be- 
a  great  degree  fixed.  Hence  we  see  coming  weaker  and  more  diffused  in 
the  reason  why  steelbars  admit  of  Iwing  proporaon  as  they  are  more  nume- 
rendered  permanently  magnetic,  while  reus  and  more  diilant.  The  points 
the  magnetism  induced  upon  iron  is  where  the  polarilies  thus  change  from 
only  temporary.  A  steel  bar,  which  haa  the  one  kind  to  the  other  have  been 
as  great  a  degree  of  magnetic  power  a*  called  oorttteutiwe  pointt.  It  is  evident 
it  is  capable  of  retaining,  is  said  to  be  that  alternations  of  this  kind  must  very 
talvrattd  with  magnetism.  much  disturb  the  regularity  of  the^mag- 
(43.)  In  order  to  obtain  in  exact  netia  actiona  of  bars  in  which  they 
knowledge  of  the  progress  of  magnetic  exist,  and  complicate  the  resulting 
induction  in  sleel,  we  should  place*  bar  phenomena. 

of  this  material  very  near  to  the  pole  of  a  It  would  appear,  from  a  variety  of 

slroi^magnet.andintbesame  line  with  facts  hes«af\er  to  be  detailed,  that  a 

„.  eertain  time  is  in  all  cases  required  for 

^^'  *^'  the  complete  operation  of  magnetic  in- 

„  duetion. 

^^^  (44.)  There    are    certain    circum- 
■tancM  and  modes  of  treatment  which 

U,andprovide  ourselves  with  a  verynooll  tend  to  quicken  the  progress  of  this  in- 

and  delicate   compass  needle,    poised  duetion.    The  first  of  these  is  concus- 

on  its  centra,  as  in  fig.  S,  by  which  the  aion.    Whatever  excites  a  tremuloui  or 

polarity  of  each  part  of  the  bar  may  be  vibratory  motion  among  the  particles  of 

«m  mined  in  auncessioD.     It  wiU  be  the  steel,  promotes  the  tiansmusion  of 


IS  magnetism; 

the  magnetic  polariliei,  and  fovoun  the  impaired  and  wealcened,  by  the   verr 

induction  of  ma^etuiin.     Striking  on  same  cautei  which  favoured  il«  acqui- 

the  bar  -with  a  hammer  i>  found  to  pro-  sition  wfien  under  the  inductive  process, 

duce  this  efi^  in  a  remarkable  d^ree ;  It  is  acconlinftly  found  that  any  mecha- 

and  the  more  so  if  it  occasion  a  ring'  nical  concussion,  or  any  rough  usage, 

int;  sound  in  the  steel,  which  is  an  in-  has  a  tendency  to  destroy  the  power  of 

dication  that  its  partides  are  very  gene-  a   steel  magnet.     Dr.  Gilbert,  who  was 

rally  thrown  into  vibratory  motion.  But  one  of  the  eariiest  discoverers  in  lliis 

any    other    cause   producing  agitation  science,  found  that  a  raeKnet  which  he 

among  the  particles    assists  in  the  in-  had  impregnated  very  strongly  was  very 

duction  of  ma^nrtism.  much  impaired  by  a  single  fall  on  the 

(4S0  The  transmission  of  an  electric  floor:  and  it  has  been  observed  since 
discharge  through  a  steel  bar  under  Ihe  his  time,  that  a  magnet  is  more  injured 
inftuence  of  a  magnet,  is  sufficient  1o  by  falling  on  a  s'one  pavement,  or  re- 
produce permanent  magnetism.  That  ceiving  blows  which  cause  itto  sound 
the  electricity  acts  here  only  by  its  me-  or  ring,  than  by  being  struck  with  ai^ 
chanic^al  operation,  is  proved  by  the  soft  or  yiekling  substance. 
efl'ect  being  the  same,  whatever  be  the  (4B.)  In  like  manner  the  application 
direction  in  which  it  is  transmitted  ;  of  heat  to  a  magnet  is  invariably  at- 
that  IN,  whether  the  positive  stream  of  tended  by  a  dissipation  of  its  magnetic 
electriciiy  be  made  to  pass  from  right  power.  It  is  even  sensibly  affected  by 
to  leR,  or  from  left  to  right,  along  any  iheheatof  boiling  water;  anda  red  heat 
jwrt  of  the  steel  bar;  or  whether  it  be  totally  destroys  its  magnetism.  It  haa 
pa.*sed  longitudinally  or  transversely  been  observed  by  Mr.  Canton,  that  if 
through  it.  This  mechanical  operation  the  temperature  of  the  magnet  has  tieen 
of  electricity  is,  however,  to  be  carefully  raised  only  to  that  of  boiling  water,  al- 
distinguished  from  an  influence  of  a  to-  though  it  loses  muchof  its  power  during 
tally  djtferent  description,  wliich  it  is  the  operation,  yd  that  a  great  part  of  it 
capable  of  exciting  in  producing  mag-  is  again  recovered  on  its  becoming  coo), 
netism,  and  the  operation  of  which  wUl  But  after  it  has  been  heated  to  redneaa, 
be  the  subject  of  a  distinct  treatise  here-  no  part  of  its  magnetism  is  recover^  on 
after  to  be  published.  cooling. 

(46.)  Heal  also  appears  to  act  by  re-        (49.)  The  precise  nature  of  the  iiv 

moving   Ihe  obstructions  to  the  trans-  fluence  which  heat  haa  upon  magnetism 

mission  of  magnetism  which    exist   in  is  far  from  being   clearly  understood; 

steel,  in  its  ordinary  state,  and  by  thua  and  there  appears  to  be  much  discon}- 

reducing   it  nearly  to  the  condition  of  ence  in  the  accounts  given  by  different 

■oft  iron.      Accordingly,  if  a  steel  bar  authors  on  this   subject.     This  ap|>VHi-s 

be  heated,  and  placed  in  circumstances  to  have  arisen  in  a  great  n 

favourable  to  magnetic  induciion.if  it  a  want  of  attention  to  the  l.._ 

be  placed,  for  example,  in  the  immedi-  that  the  operation  of  heat  is   ot  two 

ate  vicinity  of  a  magnet,  and  then  sud-  kinds :  for  while,  on  the  one  hand,  it 

denly  cooled,  it  will  be  found,  on  its  facilitates  the  induction  of  magnetism, 

removal  from  the  magnet,  to  have  be-  on  the  otherit  weakens  magnetic  action. 

come   strongly  and  permanently   mag-  In  those  cases  where  the  eftecis  depend 

netic.  The  greatest  degree  of  magnetism  upon  the  readiness  with  whicli  a  piece 

is  produced  by  heating  the  steel  (o  red-  of  iron  receives  magnetism  by  induction, 

ness,  and,  while  it  is  under  the  influence  heat  will  ftivour  this  process ;  thus,  soft 

of  a  strong  magnet,  quenching  it  sud-  iron  is  more  disposed  to  be  attracted  by 

denly  with  cold  water.  a  magnet  when  hot  than  when  cold, 

(47.)  It  will  readily  be  underatood  provided  the  heat  be  not  excessive.  But 
Ihai  Kince  the  magnetism  of  vsteel  bar  m  as  far  as  relates  to  permanent  mag- 
remains  permanent,  only  because  the  netism,  the  action  of  heat  la  lo  impair 
pecuhar  texture  of  the  steel  presents  or  destroy  it;  so  that  steel,  when  heated, 
an  insuperable  obstacle  to  its  resuming  is  less  cap^le  of  retaining  its  power 
its  naiural  stale  of  uniform  distribution,  than  it  is  when  cold.  Tina  happens 
all  the  causes  which  diminish  this  ob-  in  consequence  of  Its  being  brought 
Blructing  force,  will  give  occadon  lo  the  nearer  to  the  condition  of  stSt  iron,  by 
escHpe  of  portions  of  this' imprisoned  the  separation  of  its  partidei.  By  rais- 
magnetism,  and  will  make  the  bar  ap-  ing  the  temperature  sufficiently  high,  to 

E roach  nearer  to  a  neutral  condition,  a  red  heat  /or  instance,  the  whole  of  ita 

n  «tb«t  woida,  ita  magnetisni  will  be  pennaaent  magnetinn  ia  at  one*  de- 


•trnyed,  thoueh  it  will  still  be  suscep-  of  all  magnetic  power  from  cold,  while 

tible,wtu1eintna.tilate,ofreceim);tem-  he  wu  navigating  amon^  the  ice  in 

porary   mafneliim  by  induction,    and  Hudson's  Bay ;  but  recovered  itt  power 

therefore  of  being  attracted  by  another  when  brought  into  the  cabin  and  warmed 

magnet.  by  the  Are :  and  that  this  repeatedly  oc- 

(30  J  The  direct  tendency  of  heat  to  cinred.    There  can  be  no  doubt  (hat 

diminish  magnetic  power  mast  also  be  Ihiamusthavebeenonint^to  soraeother 

taken  into  account  in  our  estimate  of  cause  than  the  one  he  assigned. 

the  precedmg  plienomena.     It  not  only  With  a  certain  increment  of  tem- 


prorootes  the  destruction  of  permanent  perature,  the  decrement  of  intensity  is 
magnelism,  but  diminl^es  likewise  the  not  constant  at  all  temperatures,  but 
effMts  of  that  which  is  of  a  tempo-  increases  as  the  temperature  increases, 
rary  nature.  The  decree  in  which  heat  From  a  temperature  of  about  80°  the 
possesses  this  direct  influence,  can  be  intensity  decreases  very  rapidly  as  the 
estimated  only  under  circumstances  in  temperature  increases,  and  beyond  ttie 
which  no  permanent  change  has  been  temperature  of  100°,  a  portion  of  the 
produced  in  the  magnetism  of  a  bar  power  of  the  magnet  is  permanently  de- 
subjected  to  the  change  of  tempera-  stroyed. 

ture;  that  is,  provided  vre  find  on  the        (52.)  Theefibcfs  produced  on  unmag- 

retum  of  the  bar  to  its  former  tempera-  netized  iron,  by  changes  of  temperature, 

ture,  that  it  hasrctained  all  tlie  power  it  were  ottserred  by  Mr.  Christie  to  tw 

had  t>efore  the  experiment.     Thehmit  directlythereverse  of  tiiose  (n^uced  on 

beyond  which  no  proper  distinction  can  a  magnet;  an  increase  of  temperature 

be  accurately  drawn  hetween  the  effects  causing  an  increase  in    the  magnetic 

of  this  twofold  operation  of  heat,  ap-  power  of  the  iron,  the  limits  between 

Sars,  according  to  the  experiments  of  which,  he  observed  to  be90°and  100°. 

r.  Christie,  to  be  tielow  100°  of  Fall-  This  is  in  perfect  conformity  with  the 

renheit.    From  this  temperature  down-  views  we  have  above  explained,  of  the  ' 

wards  the  power  of  a  magnet  increases  nattite  of  the  operation  of  heat  with  re> 

as  it  becomes  colder ;  and  this  augmen*  gtrd  to  magnetism, 
lation  proceeds  as  far  as  the  lowest        (33.)  Although  the  direct  tendency  of 

temperature  that  has  Iwen  tried.  heat  to  dimioish  magnetic  power  may,  in 

(51.)  The  following  are  the  results  of  aredhot  bar,  be  not  sufficient  to  prevent 

an  extensive  series  of  experiments  upon  its  receiving   induced  magnetism,   yet 

this  sutgert  made  liy  Mr.  Christie*,  wlien  the  temperature  is  still  further 

Commencing  with    a  tempenture  of  raised,  even  this  capability  is  destroyed ; 

—3°  of  Fahrenheit,  up  to  one'  o(  127°,  and  accordingly  we  find  that,  at  a  white 

the   intensity  of   magnetic   power   de-  heat,  iron  appears  to  be  totally  insuscep- 

creased  as  the  temperature  ca  the  mag-  tible  of  any  magnetic  action.     There  are 

nets  increased.     From  an  experiment  atill,  however,  some  curious  anomalies 

he   made   at  the  Royal   Institution,  in  occurring  in  the  magnetic  action  of  iron 

conjunction  with  Mr.  Faraday,  in  which  at  these  very  high  temperatures,  of  which 

a  small  magnet,  enveloped  in  lint,  well  further  investigation  alone  can  furnish 

moistened  with    sulphuret  of  eirtxm,  the  explanation. 
was  placed  on  the  ea|^  of  a  basin  con-        (54.)  In  the  account  we  have  now 

taining  suiphuric  aod,  under  the  re-  ffien  of  the  properties  of  iron  and  of 

ceiver  of  an  air-pump,  he  found  thst  the  steel,  with  regard  to  their  capabilities  of 

inlensi^  of  the  magnet  increased  to  the  acquiring  and  of  retaining  magnetism, 

lowest  point  to  which  the  temperature  we  have  all  along  referred  to  Ihose  of 

could  t>e  reduced,  and  that  the  intensity  pure  roetallio  iron  m  its  softest  and  most 

decreased  on  the  admission  of  air  into  ductile  state,  and  to  those  of  steel  which 

the  receiver,  and  consequent  increase  has  been  brought  to  its  greatest  degree 

of  temperature.    This,  he  otMerve*,  is  of  hardness  l^  immersion  in  cold  water 

in   direct  contradiction  to  the  notion  after  being  heated ;  for  it  is  in  ttwse  two 

which  has  tteen  entertained  of  intenw  stAtei  that  they  exhibit  the  strongest 

cold  destroying  the  magnetism  of  the  oontrast  in  th^  respects.    We  olten, 

— "-     "    ■  ■     Mid^t      •    ■  ■-  -  


needk.    Captain  Middfaton    had   an-    however,  meet  with  this  metal  i 

nounced+hishavf-   '  "    ""^ *    --_  ^-. ^■-.     . 

that  a  compass  a 


nounced't  his  having  frequently  observed    possessing  intermediate  degreea  at  the 
**■■' »  ^ipeared  to  bo  deprived    «l>ove  qualities ;  that  is,  acquiring  mag- 


netism  with   less  facility  than  soR  ii 

•  Pbiicophicd  Tr««cdon.  f«  isu.  f.  a.       ?"''  «tainirg  less  of  it  than  hard  steal', 
t  ruiM^uniTnu*  «>[i;»,voLxi.|>.8iit     It  may  be  laid  down  as  agenenupropo- 
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ntion,  luble  howcter  to  aome  oeep-  puliire  forcM  Qiat  *et  upon  H,  it  ii 

tioni,  thBt  Ihe  power  of  retiiningro*K-  lOUDd  to  acqmTe  ■  much  nigherinlen- 

netism  in  any  sp«ciinenaor  iron  or  iteu,  tity  of  mimetic   power  Ihin  it  would 

b  in  proportion  to  its  hardneit.  hkveraceived  witbout  lueh  perciu^ion- 

(fti.)  But  aome  of  the  coatbinationi  Nor  ia  the  whole  of  this  power  lost  on 

of  iron  with  other  subituicei  affect  iti  the  remoTol  of  the  inducting  cauae;  a 

capacity  formagnetiiin,  indppendentlj of  part  ia  retained  by  the  iron,  the  inter- 

thehirdnesi  of  thecoro[>ound.   A  alifi;ht  naUatnicture  of  which  appean  to  have 

degree  of  oxidation  pervading  the  mass  undergone  some  alteration  by  the  per- 

of  iron  appear*  lo  increase  its  power  of  eutiion. 

retaining  magnetiira ;  but  a  greater  de-  Aa  conneoted  with  thii  lubject,  we 

gree  renders  it  totally  insuiceptible  of  may  notice  the  following  curious  obier- 

being  affected   by  the  magnet,    or   of  vation   of    the    same   experimentalist*. 

posseasing    any    magnetic     propertiei  Bars  which  had  lieen   strongly  magne. 

whatsoeTcr.      Combinations  with  phot-  tiled,   and    had   their   magnetisms  do- 

£  horns,  with  arsenic,  or  with  tin,  were  llrojred  or  neutralized,  either  by  ham- 

lund  by  Mr.  Gay  Lussac  to  produce  menng.  heating,  or  l>y  the  simullaneoua 

compounds  somewhat  resemliling  thoae  contact  of  the  two  pdes  of  another  mag- 

of  carburet  of  iron  or  steel  In  their  ca-  net    placed  transversely,  were  always 

Oof  retaining  magnetism.    Every  found  by  him  to  have  a  much  greater 

spends,  however,  upon  the  pro-  faeilitjr  for  receiving  polarity  inthe  same 

portions  in  which  tbeia  several  lutN  ifoeclion  as  before,  than  in  the  contrary 

(lances  are  united  with  ttie  iron ;  for  if  direction.   Hence,  it  generally  happened 

they   exceed  a  certain  quantity,  they  in  lui  erperimenls,  ^at  one  blow  with 

totally  incapacitate  the  compound  firom  the  original  north  end  downward,  nny 

acquiring  any  magnetic  properties.  duced  as  much  effect  as  two  or  three 

(S6.)  It  is  only  the  finest  and  pnrest  blows  did  with  the  original  south  end 

•oft  iron,  free  ftom  all  knots  and  veins,  downwards.    He  alao  observed,  that  tlte 

that  returns  lo  the  stale  of  perfect  neu>  polarity  otpohen,  generally  supposed  to 

Irality  after  it  is  removed  from  all  extra-  be  permanent,  and  considerable  in  inten- 

neous  magnetic  influence.    Iron  is  tel-  lity,  vras  rather  transient  and  weak ;  for 

dom  found  in  this  perfectly  pure  state ;  in  no  instanoo  did  be  meet  with  a  ptdcer 

but  even  the  purest  iron  may  be  rettdered  the  magnetism  of  whidi  ha  could  not 

capable  of  permanently  retaining  mag-  destroy  b;^  a  blow  or  two  with  a  hammer 

Miism,  if  it  has  been  twisted  or  ham-  on  tbepoint ;  and  ingeneral,  two  blows; 

mered  violently.    The  slight  superficial  even  when  the  poker  was  held  in  the 

oxidation  it  undersoet  by  the  action  of  band,  and  not  rested  upon  any  thing, 

Uwalnio^]her«,wiUalsomakeitsuscep-  were  sufficient  toinvert  the  poles, 

tible  (rf  soma  d^ree  of  fixed  magnetisia,  (SB.)  Soft  steel  ianotmuohmoiereten- 

But  in  its  eommon  state,  iron  may,  on  tiveofmagnetismthanironinitsordinaij 

the  whole,  t>e  regvded  as  incapable  of  itste.    It  i*  only  when  hardened  that  its 

any  long  retenbon  of  the  magnetism  magnetie  powers  become  in  any  decree 

vmdi  it  may  have  reoured  by  indue-  sensible.    Dr.Robison  stalea,  that  lOien 

tion.  steel  is  tempered  to  that  degree  which 

(Sr.)  It  would  appear  from  the  ex-  Ats  it  for  wat^  springs,  it  may  acquire 

perimentsofMr,  Scuresby*,  that  ths  tax-  &  strong  magnetisn,  which  it  exhibits 

ture  of  all  iron,  even  the  most  malleable,  immediatdy  on  the  removal  of  the  mag- 

■'  '  -  -.  ,^  But  it  dissipates  very  rapidly;  and 
in  a  very  few  minutes  it  is  reduced  to 
feaa  thanonehalf(4themtenaityit  mam> 


internal  obstructions  to  the  tr 

If,  under  these  circumstances,  it  b«  sub-  pation  diminishes  fast,  and  it  retains  at 
jecled  to  percunion,  which,  as  we  have  least  one-third  of  its  greatest  power  for 
seen,  favours  tile  transfer  of  magnetism  uy  length  of  time,  unless  eareleasly  kept 
in  obedience  to  the  attraotive  and  re-  or  injutudonsly  treated. 
(59.)  Steel  tempered  lor  cutting-tooli 

•  TnannlDBi  of  tbt  B«]nl  S«d«T  of  «[■■ ' ~ 

tMi^vd.u.p.sui  •Tui>«vu«askaMMii«teuaii,r.»i, 
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(the  Mnn  tnthor  oWttm),  luoh  t>  without  diffiouHj,  be'nndered  pontivrif 
chiaels,  punches,  and  drilli  for-  metal,  or  negatively  eleetritied ;  that  ii,  it  may 
acquires  magnetism  (till  more  ilowly  be  charged  *rith  a  redundance  of  one  or 
by  induction,  and  receivei  les*  of  it  whiFe  other  uf  the  two  kindi  of  eleetnoity ;  and 
in  contRct  with  the  magnet;  but  it  is  the  influence  or  agency,  call  it  by  what 
lesi  dixposed  to  lose  it,  and  finally  re-  name  we  please,  that  ha«  been  gained 
tains  a  Urger  portion  of  what  it  had  ac-  by  one  booj,  is  the  same  as  that  vrhiot 
quired.  Steel  made  as  hard  as  possible  has  been  lost  by  the  other.  It  ii  not  so 
ii  itilt  longer  in  acquiring  all  the  mag-  with  magnetism.  There  is  never  any 
netism  which  simple  juxtaposition  can  transTer  of  properties,  but  only  the  ex- 
give  to  it.  It  acquires  less  than  the  citation  of  those  wtiich  were  already  in- 
former; but  ultimatelv  retains  a  much  herent  in  the  body  operated  upon.  We 
greater  proportion.  The  loadstone,  or  always  find  in  the  same  mBgnet,  that  the 
native  ore  of  iron,  resembles  very  hurd  intensities  of  the  two  polarities,  although 
tieel  in  these  respects ;  that  is,  in  the  each  may  occupy  different  portions  of 
time  necessary  for  its  greatest  impreg-  it,  or  be  concentrated  in  some  points, 
nation,  and  in  the  durability  of  the  ac-  and  diffused  over  others,  yet  still  on  the 
quired  maznelism.  whole  exactly  compensate  each  other. 
(60.)  We  have  seen  that  iron,  or  any  We  never  can  obtain  a  portion  of  iron 
of  its  compounds,  when  free  from  mag-  or  steel  endowed  wholly  with  cither  the 
netism,  is  attracted  by  amagnet  onlyin  northernorthesuuthernpolarily.  Each 
consequence  of  the  induction  of  mas-  appears  to  be  strictly  confined  within  the 
netism  upon  it  hv  the  magnet  which  t>oundary  of  the  surface  of  the  body 
attracts   it.     It  follows,  therefore,  that  which  contains  it. 

the   degree  of  susceptibility  to   indue-         (68.)  When  a  conductor  of  electricity, 

tion  may  be    accurately   measured   by  of  an  oblong  shape,  is  placed  near  an 

the  attraction  which   results  from   this  electrified  liody,  hut  not  sufEiciently  near 

property.     With  this  view  Mr.  Barlow  to  receive  any  part  of  its  electricity,  it 

made  a  series  of  experiments  to  ascer-  becomes  electric  by  induction,  the  two 

tain  the  relative  attraction   which  dif-  ends  of  the  body  having  opposite  electri- 

lerent  species  of  iron  and  steel  had  for  eilies.     If,  under  these  circumstances, 

the  magnet ;  and  obtained  the  following  the  conductor  be  divided  across  the  mid- 

■pecific  results,  the   relative   magnetic  die,  and  the  two  portions  removMl  to  a 

powerof  each  substance  being  expressed  distanoe  from  one  another,  we  obtain  the 

by  numbers*.  two    electricities   separate;    each   |ior- 

Malleahle  iron 100  ^°"  ntaining  the  electricity  that  had 

Soft  cast  steel 74  been  induced  upon  it.    The  condition  of 

Soft  blistered  steel  . .     67  •  mattnet  appears  to  be  exactly  analo 

Soft  shear  steel 66  gous  to  this  in  reference  to  ttie  dislnbu- 

Hard  blistered  steel..     33  tionof  magnetic  power;  for  the  northern 

Soft  shear  steel S3  polarity  appears  to  be  collected  in  one 

Bard  CB.st  steel 49  ■""  of  its  length,  and  the  southern  po- 

Cast-iron 4B  larily  in  the  other;  and  each  of  these 

ageneies   seems,   indeed,   to   be  almost 

A  I    )Rv,.,i'>i«  entirely  concentrated  in  the  very  extre- 

(61.)  We  have  hitherto  been  able  to  tohappenconformably  withthisMnalogy, 
trace  n  very  close  analozy  between  the  were  we  to  break  a  magnet  (.A.Jlg.  2i,) 
plienomena   of  magnetism  and  electri-  _, 
city,  as  far  at  least  as  relates  to  the  law                                ■'^'*-  *' 
of  action,  and  the  influence  of  indue-                   c^n---^-    ^----— jmv 
lion;  but  inpursuingit  beyond  this  point                 S.,..  i,,,'   nvir''.  •-iah 
it  fails  us  entirely.     Electricity,  whether 
positive  or  nei^tive,  is  not  only  capable 
of  being  excited  1^  induction,  but  may 
be  actually  transferred  from  one  body  across  its  middle  ?    Might  we  not  expect 
to  another;  but  the  transference  of  the  by  this  means  to  obtain  the  two  poUri- 
magnetic    polarities   is   a  phenomenon  ties  separate,  each  stilt  contained  in  the 
which  was  never,  in  a  single  instance,  same  portions  where  they  had  before  re- 
known  to  take  place.    A  body  may,  sided? 
~ (63.)  The  result  of  thif  cxpenmeDtis 

•  nuoMphicat  TMnuctioM  tar  itst,  p.  1 17.  exceedingly  cuHoiuit  wid  wut  CaiMBij 
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no  prmoni  reuoning  conid  have  led  oa  tncdre  and  repnhive,  at  different  dif- 
(o  anlicipale.  Each  portion,  B  C,  of  the  lancei.  We  shall  here  on]y  olMerve  that 
Sutured  ma^et  ii  *i  once  converted  this  law  has  been  made  the  lubjecl  of 
into  a  magnet,  perfect  in  ilielF;  that  ii,  diligent  and  careful  inquiry  by  tome  of 
each  recpectively  hai  a  north  pole  atone  themost  eminent  philosopnersof  modem 
end,  and  a.  touin  pole  at  the  oilier.  That  timex ;  and  shall  content  ourselves  with 
end  of  the  magnet  which,  previously  to  jnerely  statine  the  final  result  of  thdr 
the  fi^eture,  was  a  north  pole  N,  con-  labours.  Itlias  been  ascertained  most 
tinues  lo  be  a  north  pole,  while  the  satisfactorily  that  the  same  law  of  varia- 
olherend  of  that  frag;ment  *,  that  is,  the  tion  obtains  in  magnetic  attractions  and 
broken  end,  becomes  a  south  pole.  The  repulsions  with  relation  to  proximity,  as 
converse  is  true  of  that  fr^ment  B  in  the  electrical:  namely,  that  the  in- 
vrhich  originally  contained  the  south  pole  tensilj' of  the  force  by  which  mngnelic 
of  the  roasnel.  It  thus  appean  that  the  polarities  act  upon  each  other  is  inverse- 
two  fractured  surfaces  n  and  »,  are  now  ly  as  the  square  of  Iheir  distance.  In 
converted,  the  one  into  a  north,  and  the  this  respect,  therefore,  they  agree,  not 
oihtr  into  a  south  pole,  although  that  only  with  the  electrical  forces,  but  also 
part  hfld,  in  the  original  magnet,  been  with  that  of  gravitation ;  and  it  would 
^iparently  in  a  neutral  state.  appeiu-,   indeed,  to  be  a  property  com- 

(64.)    Similar    coniequences     ensue  mon  to  all  forces  which  emanate  in  every 

from   the   subdivision   of  one  of  these  direction  from  a  central  agent, 

fragments  into  any  number  of  portions,  (67.)  The  variations  of  (he  intensities 

however  great;   each    lesser  fragment  of  magnetic   attractions  and   repulsions 

constituting  in  itself  a  complete  magnet  exerted  between  any  two  poles  depend 

furnished  with  its  two  poles.  solely  upon  the  distances  at  which  they 

(65.)  It  is  observed  by  ^pinus,  who  areplaiwd;  and  are  in  no  degree  affected 

made   many  experiments  on  the  e^ots  or  interfered  with  by  the  interposition  of 

of  the  fracture  of  magnets,  and  the  ob-  other  bodies  which  are  not  ttiemselves 

servation  has  been  confirmed  by  others,  lOagDetic.    Numerous  experiments  have 

that  the  neutral  point  in  each  fragment  been  made  with  a  view  of  discovering 

of  the   broken  magnet  is  at  first  much  whether    there     crista    any  substence 

nearer  to  the  place  of  their  foiraer  union  which  can  modify  or  intercept  the  action 

thanto  their  other  ends.    Hestatesthat  of  magnets  when  nlaced  between  them 

in  the  space  of  a  quarter  of  an  hour  and  the  body  actecl  upon;  butlbe  result 

after  the  separation,  the  neutral  points  has  been  uniformly  the   same:  namely, 

advance  nearer  to  the  middle  of  each,  that  the  intervening  bodies,  of  whatever 

and  continue  to  do  so,  by  small  steps,  kind  thev  were,  provided  they  nere  not 

for  some  hours,  and  sometimes  days,  ausceptible  of  magnetism,  occasioned  no 

and  finally  become   stationary  at  the  difference  m  the  observed  effects. 

centre.  This  subject,  however,  involves  a  ques- 

When  a  magnet  is  split  according  to  tion,  hereafter  to  be  discussed,  as  to  the 

its  length,  the  two  portions  will  have  magnetic  susceptibilities  vf  substances 

sometimes  contrary,  and  sometimes  the  which  are  not  of  a  ferruginous  nature. 

thinner  than  the  Other,  the  slenderfrag'  (68.)  The    general  law   of  msisnelic 
ment  generally  has  its  poles  reversed*.  force  with  relation  to  distance  being  once 
established,   it   becomes   interesting   to 
Ckaptbk  ii  follow  its  consequences  and  applications 
under  a  variety  of  circumstances.  These 
Lam  of  Mterulie  Fbreet.  consequences  are  always,  even  in  the 
simplest  cases,  more  complicated  than 
S  I.  Selation  of  Intttuitt/  to  Ditlmee.  electrical    arrangements ;    because    in 
,.,,..        ^,^    ■          ■.     .    -.t.L  magnets  the  two    polarities  are  always 
(66.)  Itwouldbeinconsistentwiththo  conjoined,  and  their  influence  is  never 
elementary  views  to  which  we  are  at  perfectly  isolated.    Instudying  the  mu- 
present  confining  ouraelves,  to  engage  in  tual  aclions  between  two  magnets,  or 
the  investigation  of  the  maUiemalical  e„n  between  one  magnet  aniHhe  small- 
law  which  regulates  the  variations  of  m-  ert  conceivable  piece  of  iron,  we  have 
tensily  6f  the  magnetic  forces, both  at-  alwaysfour  polanties  inactivity.the  two 
V^*.-,p»«„y«iT««,Bo-,  «l.asir.  "?)'>"'?  i?  ""?  ^Hh^^^  the  two  re- 
P-SL*-  Bidmg  in  the  Other ;  these  polinties  are 
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in  tha  augnet :  tor  sltnoBBti  iniieh  can' 
«entrated  *.i  the  two  en£,  they  ezwt 
with  IcM  ioleniitj  in  other  pute  of  the 
mignet 

(S9.)  Let  HI,  however,  mppoie,  for 
the  —km  of  amplifieetioD.  that  thenwg- 
netie  foren  emenate  eoldj  Ihiin  the 
two  polee  et  the  eztremitiet  of  the  mu- 
net  U,fg.  S$,  with  iti  uii  plaoed  hon> 


pended  on  «  point,  or  in  other  wordi,  the 
netdh  of  ft  mniner'i  compu*,  end 
whicb  we  ■hall  therefore  denpiate  ai 
Me  ntedU,  ii  preeenled  to  it  in  the  vi- 
dmlf  of  its  north  pole,  N,  and  wilh  iti 
centre  in  a  line  *rii  ti  the  axil  of  the  mag- 
net The  norlh  pole  of  the  nufiiet  tt- 
tracti  the  louth  pole  of  the  needle,  and 
tendi  to  turn  it  in  the  direction  indicated 
bf  the  arrow  at  (.  It  alio  repel*  the 
north  pole  of  the  needle,  turning  it  in  the 
Predion  indicated  by  the  airow  ai  n. 
Thne  two  actions,  it  will  be  eeen,  both 
conipire  to  give  the  needle  a  rotatory 
notion  in  the  same  direction  ntlhreirard 
to  ill  centre,  and  to  bring  it  into  the  po- 
sition represented  in  the  next  figure,  (27  J 


t 


ia  wtuch  the  south  pole  of  the  needle  ia 
turned  directly  towards  the  nodh  pole  of 
theoMKneL 

The  induenee  of  the  lonth  pole,  S,  of 
tha  magnet  operates  in  a  manner  exactly 
ominury  to  that  of  it*  north  pole ;  but 
b«ig  «l  a  greater  distance,  its  intensity 
u  less;  ana  all  that  it  can  efieet  i*  to 
•nbtract  somewhat  from  the  force*  with 
wt^  tlM  needle  would  have  t>een  im- 
pdled,  if  the  north  pole  of  the  megnel 
nad  aded  alone.  Tne  general  result  as 
to  the  rotatory  motion,  ia  therefore  de- 
termined tnr  the  |n«dominaDce  of  the 
■etioos  of  the  north  pole  of  the  magnet, 
and  remaina  aa  betim  etated. 

(70.)  The  toKleiwy  in  one  munct  to 
BMuma  a  partieular  position  with  reU- 
tkn  to  tnotbtr  magnett  ii  tenned  iti 


dimiit«fi>n»*,  Ifrttnlts,!!  wehtvs 
•een,  from  theooi^oinedinlkienoeoflwo 
force*,  the  one  aetinf;  on  the  north,  and 
the  other  on  the  (outh  pole,  and  ia  I  here- 
fore  equal  to  the  snm  of  Iheae  forces. 

(71.)  ]f  we  now  consider  what  ten- 
dency the  needle  has  to  approach  to.  or 
recede  from  the  magnet,  we  shall  find 
the  mine  forces,  which  in  the  former  in- 
stance consirired  t<»elber,  now  ap- 
posing etch  other.  It  is,  in  the  tint 
place,  evident  that  while  the  needle  is  in 
the  position  shewn  injig.  SS,  that  is,  at 
right  angles  to  the  magnet,  the  attrac- 
tion of  the  adjohiing  north  pole  of  the 
magnet  for  the  lontn  pole  of  the  needle, 
is  balanced  by  its  repulsion  tor  its  north 
pole ;  and  the  needle,  although  strongly 
urged  br  these  forces  to  turn  round  it* 
centre,  nas  no  tendency,  on  the  whole,  to 
recede  from,  or  approach  the  magnet. 
When,  howerer,  it  arrive*  at  the  posi- 
tion shewn  mfig.  27,  its  south  pole  i 
being  nearer  to  N  than  its  north  pole  n, 
the  attractive  action  is  more  powerful 
than  the  repulsion,  and  the  needle  is, 
consequently,  now  impelled  towards  the 
magnet.    But  the  tbrce  which  thus  im- 

Kls  it  results  from  the  diffirence  only  of 
o  contrary  forces,  the  one  attractive, 
the  other  repnltive. 

(72.)  Heneawemayeonchidethatlbe 
directive  force,  whicn  consists  of  the 
sum  of  two  forces,  is  in  all  cases  con- 
siderably greater  than  the  attractive  forca 
exerted  upon  the  whole  needle;  this 
latter  force  l>dng only  equal  tolhe  diffe- 
rence between  the  same  forces.  The 
ratio  between  the  directive  and  attractive 
Ibrees  will  be  increased,  either  by  di- 
minishing the  length  of  the  needle,  or 
increasmff  that  of  the  magnet  Hence 
the  polantv  of  a  small  needle  may  be 
coniideratile,  while  its  attraction  is  quite 


(73.)  Let  OS  next  transfer  the  needle 
to  the  situation  showa  in^r.  28  and29, 
ht  which  its  centre  'is  in  a  line  drawn 
from  ttie  centre  of  tha  magnet,  and  at 
right  anffle*  to  its  axis ;  the  needle  being 
supposed,  as  in  the  fonner  ease,  to  be  so 
balanced  as  to  turn  freely  in  a  plane 
which  passe*  through  the  centre  of  the 
needle,  and  both  pioles  of  the  mignet. 
Let  it  tw  placed  in  the  porition  indicated 
in  J^.  28,  with  one  of  its  poles  di- 
rected towards  the  middle  of  the  mag- 
net. The  directive  force  is  here  com- 
pounded of  four  forces:  the  attrac- 
tions of  N  for  *  and  of  B  tor  n ;  and 
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UN  rmtatvtf  flu  ftnWf  irill  Bwwftit 
nmait  and  t)w  nwdl*  will  hftv«  i  im* 
dKMT  to  tneV*  towudi  Ihtf  maftHt  )n 
tha  <MMtiMi  of  tlif  IJM  ■— MBiing  tbrip 
Mntrei. 

U *.)  A  iltnitar  pnwsf  of  tMtehhiE, 
dirived  GMib  Ihe  Mffle  prinelpltt,  init 
•nabh  HI  to  datermiM  thti  miiDsnb 
of  tha  rorcm  whieb  ael  upan  tha  twcslla 
whM  Iti  OMtn  u  «iluit«d  In  dilf!|r«fit 
diRClions  rclativeljr  lo  the  ttxis  of  Itw 
niftenet :  and  cdnseqiwrilly  what  will  be 
itimoTemenln,  and  what  iti  final  pitfri- 
tion  of  equilibrium.  In  oHii(iie  poii- 
II  ofN  forn.Mtdof  Bforf.  tiong,  indwd,  the  proMsa  ot  inirestiKa- 
Th«y TMpwtivaly  impel  1h«  pole* mot  tion  becomes  more  oomplicated,  for ii  )i 
the  nenlle  in  tha  direction!  danoted  bf  necMMtry  to  take  into  comidCTalion  Ihe 
the  "mull  arrowi  parallel  tn  the  linea  ia  different  inlen»iliw  of  each  of  the  four 
whiah  IhMe  force*  act.  Thote  which  force*  concernrd,  with  Tt(«renca  not  only 
ad  upon  the  TBniola  pole  of  the  nndUf,  to  the  reupcctivediitaocct  Cfthepolca  of 
•omuoM  a  Kiultant  havinE  IhedirveUon  {he  needle  from  thoM  oflhe  magnet,  Init 
of  the  uppar  honionial  arrow  R,  at  n\ao  to  their  reipeetiia  diractioni  ia  tha 
richt  aniclM  lo  the  lent^th  of  Ihe  ntedla<  pluie  of  rolalion. 
which  it  alM)  tha  radlua  of  ita  rarolution.  (?B.>  If  the  plana  of  rotation,  to  which 
ThuM  forua*  which  aet  upon  the  oppo*  the  movementi  of  the  needle  n  limiied, 
lile  pole  m,  oompoH  another  reaullant  ba  one  which  doef  not  pan  Ihroneh  tha 
force  b  Ihe  oppoaitedirKt ion, apreiMd  boltt  of  Ihemaicnet,  Iheoomplicnttonof 
by  the  lower  horiaontal  arrow  r.  Now  the  problem  become*  (till  graarer.  There 
Ihaxa  two  TMultant  force*  havintt  oppo-  ire,  however,  thrre  general  re<ulu  at 
aiiedirectiona,  and  aolingatthaoppuMte  which  we  may  arrJTc,  which  lend  very 
endi  of  the  needle  which  turna  upon  iti  much  lo  Himplify  the  rcsolulioD  of  ^uet- 
oantra.oonRpire  inproduoina  a  rotation  in  (jonit  reluting  lo  this  «iil>ject. 
the  wma  diraution  with  rdaiion  to  that  (Jf.)  the  firal  i*.  that  if  we  suppose 
sentre ;  and  will  land  to  bring  the  needta  fhe  needle  to  be  at  perfect  liberty  to 
iata  tb*  poailion  ahown  in  Jig.  M,  tn  move  on  it*  centre  in  all  direclion*,  the 
poaliion  of  equilibrium  at  which  it  will 
arrive  by  the  coi^tnnt  action  of  all  the 
fbrcea  vrhich  impel  it,  will  always  be  n- 
tuatod  in  the  fuane  which  Inoludea  the 
pole*  of  the  masnet  and  the  aeiitre  of 
the  needle.  Thii  plana  mny  be  culled, 
for  the  take  of  distinotnea*, fA^mtuflefta 
plant ;  and  the  position  assumed  by  Ihe 
Medle  In  this  ^ant  maf  ba  oalkd  itt 
wtttgnalio  poiition 

(78.)  Secondly,  whra  the  mofMBetltt 
which  its  dirwtion  it  parallel  to  that  of  of  the  nicdle  an  Ihnllad  lo  any  partieu- 
the  mitgnet,  but  in  which  iti  polei  ara  oular  plane,  ita  poation  ofaquilltiriumU 
Nven^  when  somparrd  with  thota  of  that  which  make*  the  naaraet  appreaMi 
the  magnet ;  that  is,  tha  north  pol«  Of  to  Ihe  magnMis  poatlon  that  the  eut 
the  needle  bain;  en  tha  tide  of  tba  touth  will  admit  of.  It  will  therefore  be  lilu* 
pole  of  tha  magnet,  and  ita  loulbpolaon  atad  in  aplaiMpastlagihron{ththamiw* 
tba  tide  of  the  north  poleof  the  magnet,  Mtic  potiiion,  and  at  right  an^aa  to  tM 
niitralaliva  tilualion  hu  baen  wltod    plane  of  Tnolution. 


f'ig.it. 


It  ralaliva  tilualion 
by  torn*  authoTt  M*  tuUoiUrarf  poii- 
Hon. 

(74.)  Hare  also  it  may  ba 


(ft.)  Thirdly,  if  Ihe^ue  of  r«*ola' 
tion  be  parpeadioular  to  tba  mtfnatia 
potition,  the  aaadla  will  ba  in  a  tlata  of 


that  in  contaquenoe  of  tj^  P*^^  P*^**  equilibrium  with  rtftatd  to  tha  ftMea 

imity  of  the  poltt  of  tha  diffeicnt  dmo-  exerted  upon  it  by  tba  magnat.  In  all 

ninationt,  oompuwl  with  that  of  Ihe  posiliona.    Such  a  plana  may  be  aalled 

pole*  of  the  ttjne  name,  tha  aum  of  Ikt ptima qf  tuntnati/.    Antsaa^af 

ttM  aXlractiva  teoaa  axoaada  Ibat  irf  Ihitia  A»wnuv^.Mi.wb«r«UMMadtt) 
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iven  the  posilton  of  Hie  magnet  H, 


himinic  on  r  tioriionlal  txii  in  k  Ihi 
«it>i  Ihc  iDK^pt,  is  limited  in  it*  ination 
to  H  *tTtiMl  plnne  pfTpendicular  to  it* 
ponlkin  ofeqnilibhiim.  In  Ihii  cmc  it 
will  hftve  no  tcndeiw;  to  SMume  an;  one 
pmilion  in  prafercnea  to  ■nothtf,  in 
oiiipUno. 

f  a.  Magntlie  Cttrvtt. 

(SO.)  In  order  ftill  farther  to  geiKn- 
liiF  our  Ti«w«,  let  ui  eoneeite  tb«  mwdle  to 
be  exceediiqriy  nhort  when  oompAted  with 
the  len^ti  <ind  diittnce  of  the  mignetj 
md  we  ihall  thrn  arme  at  (till  more 
limple  conclusions  with  rrgard  to  ila  po- 
■tiODi  of  equilibrium  in  the  magnetie 
^ane.  Tbelwo  poletof  the  iwedle  may, 
with  Kifvd  to  the  aolion  of  the  magnet, 
be  conSKlered  u  coincident ;  the  bleu- 
•iliei  of  the  aeliont  of  any  one  of  the 
poiea  of  the  magnvt  upon  them  are  m 
Bearl;  equal  that  their  differenom  maj 
be  nsarded  u  inflnitel;  imall.  The  at- 
traction of  the  magnet  for  lhi«  minute 
Mcdle,  an  atlraetion  which,  m  we  ha*e 
■een,  depends  upon  then"  difierenee, 
nmi  aooonlingly  be  inappreciable.  But 
the  direotite  force,  on  the  eontrary,  de- 
pcndlnH  on  the  aum  of  these  aoliona, 
Bkut  t>e  very  eihcti*e ;  vid  it  i*  to  the 
operatton*  of  the  hitler  of  theae  foreet 
•nly  tttat  we  nead  direct  our  inquiriea. 

<•!,)  DwpnUMBtglwtolTeditthiB: 


and  alio  the  place  of  the  centre  C  of  the 
needle.whichimppatedtobeatlitierty  to 
revolve  only  in  the  magnetic  plane,  to  find 
the  direction  C  T,  at  which  the  rotatory 
force  resullinfT  from  the  action  of  the 
north  pole  N  of  the  magnet  on  the  two 
polei  of  the  needle  in  the  direction  C  N, 
exactly  balances  that  resulting  h«m  the 
action  of  the  louth  pole  S  of  the  magnet 
on  these  pole*,  in  the  direction  C  S,  each 
force  having  an  intensity  reciprocally 
proportional  to  the  tqtiarei  of  theie  re- 
spective lines. 

It  may  be  matbaoatiaally  detnoiv- 
■traled  *  that  if  such  ba  the  law  of  the 
magnetic  forces,  the  direction  of  the 
ne(^  is  that  of  the  tangent  of  a  peco- 
liar  curve  of  an  oval  ihape,  which 
has  been  denaminated  the  mogiuiie 
atrve.  Every  marnet  having  two  potac 
N  and  S  (Jig.  3a)l\a»  a  system  of  mag- 
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netie  enrrei  tflated  ta  the  line  loinmg 
tbeie  pplei,  and  wlueh  may  be  called  iu 
■xii.  The  general  form  and  dixpotitton  of 
these  currei,  accordinR;  to  thdr  different 
dUtanoM  from  the  magnet,  u  ihown  in 
tbefigute. 

(82.)  Tht  majErnetic  curvei  have  the 
fbllowingrenarlublepropert]';  namely, 
that  the  difference  of  the  coanea  of  the 
an^ei,  which  line*,  drawn  from  an/ 
point  in  the  eurre  to  the  two  poles, 
make  with  the  ani,  taken  on  the  lame 
nde,  i(  constant.  Thoa,  in  the  curve 
8C(yC"N,J^.  33,  the  anm  of  the 
Fig.  38 


oorinea  of  the  angles  C  N  X  and  C  S  X, 
is  equal  to  the  nim  of  the  cosines  of  the 
angleeC'NXandCSX.  When,  how- 
ever, the  angle  C"  S  X  exceeds  a  right 
angle,  its  cosine  being;  negative,  it  wiU 
be  the  aum  (instead  of  the  difE^rence) 
of  the  cosines  of  the  polar  anj^les 
C''N8,C"SN,thatiaconstfliit.  When 
the  angle  C"  N  X  is  also  obtuse,  both 
tile  cosines  being  negative,  it  is  again 
their  difference  that  is  (instant 

(B3.>  If  two  radii  of  equal  length,  Nn, 

S  *,Jlg.34,  be  nade  to  revolve  in  the  same 

Fig.M. 


N  and  S,  while  their  oth«-  otremitiea, 
n  and  »,  are  kept  continually  in  such  a 
relative  position  as  that  a  line  drawn 
througb  them  shall  always  be  perpen- 
dicidar  to  the  axis  N  X,  then  the  line, 
conatitnted  by  the  successive  points  of 
intereection  C,  C  of  the  radii,  will  be 
a  magnetic  curve  *. 

(84.)  The  most  expeditious  method 
of  delineatii^  a  great  number  of  mag- 
netic curves  related  to  the  same  baae^ 
in  order  to  obtain  a  general  view  of  the 
entire  system  of  thate  curves,  is  to  de- 
scribe from  each  pole,  N,  S  (^.  33),  as 
a  centre,  the  eaual  circles  or  semi-cirdes, 
A  A,  B  B,  with  as  lanie  a  radius  as  the 
paper  will  eonvenienlly  admit  of;  and, 
dividing  tlie  axis,  produced  till  it  meets 
both  orcles,  into  any  number  of  equal 
parts,  to  mai^  off,  on  the  circumference* 
of  both  the  drclei,  the  points  where  Jliey 
are  cut  by  perpendiculars  iram  these 
points  of  division;  then,  drawing tadii 
from  the  centre  of  each  dicle  to  the 
divisions  of  its  tetpeetive  circumfereneav 
the  mutual  intersections  al  these  ladii 
will  fi)rm  difirent  series  of  points  indi- 
eatinff  the  course  of  the  magnetic  enrvee 
widen  pass  through  them.  In  the  n«- 
aent  case  these  curves  are  compoaea  erf 
a  succession  of  diagonals  of  the  knenge- 
ahaped  interstices  formed  by  the  btei^ 
secting  radii,  as  is  shown  iu  the  upper 
halfofffF.Sfi. 

<B&.)  The  fbrms  end  disporition  of 
ihete  curves  ate  elegantly  illustrated  by 
the  lines  in  which  iron-flUngs  arrangv 
themselvet  when  acted  upon  t>^  a  power- 
ful magnet  In  order  to  exhitut  them, 
we  ne^  only  place  a  sheet  of  paper  or 
pasteboard  immediately  over  a  straight 
magnetic  bar  laid  flat  upon  a  table,  Md 
scatter  lightly  some  very  fine  iron-filings 
over  the  pasteboard ;  which  is  best  done 
t>y  shaking  them  through  a  gauie  bag. 
If  we  then  tap  gently  upon  the  paper, 
so  as  to  throw  them  into  a  slight  agita- 
tion, they  win  airaure  themaelvEs  with 
great  regularity  in  linea,  which  exactly 
follow  the  course  of  the  magnetic  curves, 
extending  from  one  pole  of  the  magnet 
to  the  oUmk  These  minute  fragn^its 
of  iron,  being  rendoed  magnetic  by  in* 
dnclKm,  have  their  dissimilar  poles 
fronting  each  other,  and  therefore  at- 
tract one  another,  and  adhere  together 


^lectim  roond  tbetr  rMVaetive 
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in  Sm  dfaredion  of  their  potuities  which 
u  that  of  the  tan^ient  to  the  megnetra 
earre  thus  nSbrduig  •  beautiful  ocular 
exemidifloetioii  of  the  imlhffinitifiBl  pn^ 
pertieeof  tbeeecmTw. 

(91.)  By  eontiauing  to  Uip  upon  the 
paper,  the  filiop  wrange  tbesudves  itiU 
nor*  Tiribljr  mto  eeptrate  line*;  but 
here  a  carknu,  and  perhapa  unlooked  for 
pbenomenon  pieaenls  itaei£  The  lion 
{iradnaUy  move  aod   recede  from  the 

let,  appearing  aa  if  thej  vera  re- 

I.  iDrtead  of  attracted,  as  theory 
would  lead  lu  to  expect.  This  arisei 
from  the  Birenmrtance  that  each  particle 
(rf  iroD,  or  clutter  of  paiticlea,  is  thrown 
op  into  the  air  by  the  thaldnK  of  the 
paper,  and.  while  nimpported,  imme- 
diately tamu  on  its  eentre,  tad  acquires 
a  p<M)tioD  mote  or  leit  oblique  to  the 
plane  of  the  paper,  lUs  is  shown  in 
Jig.  36,  in  wtueh  M  repreaanti  a  section 

Fig.  36. 


of  the  magnet  PP  a  section  of  th^ 
paper  and  //  the  position  of  the  fila- 
ments of  iron  thrown  up  into  the  air- 
The  end  of  each  filament  nearest  to  the 
magnet  is  thus  turned  a  little  down- 
waids,  and  the  fllament  falls  upon  the 
paper  at  a  point  a  little  more  distant 
than  that  which  it  before  occupied  ;  and 
thus,  step  tiy  step,  it  moves  further  and 
farther  m>m  the  msgnel,  till  it  reaches 
the  edge  of  the  paper  and  falls  off. 

{87.J  When  the  magnet,  instead  of 
bdnff  beneath  the  pqier,  is  held  aboTe 
it,  tne  effect  is  just  the  reverse.  In 
this  tatter  case,  the  lower  ends  of  the 
filaments  having  a  tendency  to  turn 
towards  the  msgnet,  the  tilings  gradually 
collect  under  it,  when  made  to  dance  1^ 
the  vibrations  of  the  paper,  instead  of 
falling  outwards  as  they  did  before. 
This  will  be  rendered  apparent  by  fig. 
37,  where  the  letters  inaioate  the  same 
otjects  as  in  the  preceding  flgnnu 
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(88.)  Macnehe  cnrre*  of  a  diffsmt  kr.  For  this  pnipoie  th^  rnut  be 
kind  we  constitjted  Ijy  the  balanged  tRJten  in  a.  different  oHer  of  wtann- 
actions  of  two  poles  of  (he  iftme  in-  nKnt»ndfolloi»edinthe!ine»oflheothar 
nomination  placed  neu-  to  Mch  other*  aitgondiof  thclounge-ihsped  in'ervak 
When,  for  inslsnce,  a  MSOnd  north  po'*  between  the  inlenectint;  radii ;  that  ii, 
N'  (J!g.  38)  is  lubstituled,  instead  of  the  of  the  dia^ronali  which  oroi«  those  con- 
soulh  pole  8,  both  poles  will  act  in  «  stitiUinj;  the  curves  in  the  formEr  case, 
•iroilar  manner,  and  in  directions  not  as  is  shown  in  the  lower  biJfofj^.  34. 
Tery  diffbreot.  These  divergmi  curves,  as  they  have 

FSg.  38.  bean  eaUed  m  contradiatinctian  to  tha 

former  or  amvergmt  ones,  an  deli- 
nttted  in^.  80 ;  uid  may,  in  like  man- 

Fig.ai. 


In  order  to  render  the  opndittona  ri 
ttus  case  as  rimple  as  those  of  tha  W, 
«re  must  suppose  that  lh«  aetion  of  thg 
south  poles  beloKK'ni;  to  tha  two  Qorth 
poles  N,  N',  whose  action  we  art  et- 
animng,  is,  firoin  thmr  retqoleness,  too 
feeble  to  influence  the  results.  In  the 
former  eate,  where  the  actions  at  the 
two  poles  were  of  a  conlraiy  bind,  tha 
resiillant  oftheir  joint aation,  or  Ih«  Unp 
CT(/?-3n  phased  in  a  diwction  in- 
termediate between  N  C  prolonged  and 
C  S.  and  therefore  cut  the  axis  N  X 
at  Booie  point  in  the  prolongation  of 
N  S.  But  in  the  present  case,  the  (wo 
ma^etic  poles  being  of  the  same  kind, 
their  action  is  iimilariandtheirresuKant 
is  a  force  of  which  the  direction  is  inter- 
mediate to  the  lines  C  N  and  C  8  ;  and 
this  line  produced  must  cut  (he  axif 
somewhere  between  N  and  N'.  In  con- 
aet^iience  of  this  cha.nge  of  position, 
which  produces  a  change  in  the  sign  of 
(he  cosine  of  the  angle  C  S  T,  which  is 
now  C  N'T,  (he  relation  of  the  cosines  of 
the  polar  angles  is  as  follows ;  namely, 
that  the  lum  (and  not,  as  before,  the 
ditTerencv)  of  the  cosines  of  the  angles 
vrhich  lines,  drawn  from  any  point  in 
the  curve  to  the  two  poles,  make  with  the 
axis,  taken  on  the  s»me  side,  is  constant 
ThiH  applies  10  the  case  in  which  the 
angle  formed  by  C  N'  with  the  pro- 
duced hxIs  is  acute,  and  its  cosine  posi' 
live.  When  it  is  obtuse  (or  CN'N 
acute),  the  cosine  bueoraing  negative,  it 
i*  their  ihffvrence  which  is  constant. 

(89.)  The  iiiterseciions  of  (he  radii, 

drawn  uvoidjng  to   the  method  above 

devTihcd,  i  92,  will  alsopninl  out  the 

' .  •ourta  of  tboss  curves  which  belong  t» 

tho  case  where  the  acting  polea  are  (imi. ' 


Wt.  I)e  axhibtted  by  tbt  atrangements 
of  iron-flllnes  round  two  sjmilar  poles. 

(90.)  Whea  (he  actions  of  the  four , 
pole^  of  two  pvfnets  are  takeq  into,ac- 
csunt,  the  magnelio  curva*  expressive  of 
the  direction  of  a  needle  influenced  bjr 
them,  become,  of  course,  mucb  Pore 
oomplicated, 

CBarria  III, 
Ttrratriat  Magtutitm. 
i  1.  VanfOiom  qf  lA«  Oemput, 
(91.)  It  has  been  already  stated  (f  t), 
that  if  a  magnetic  bar  be  poised  on  iU 
centre  so  as  to  move  freely  in  a  horiion. 
tal  plane,  and  if  no  frrruginous  body  be 
sumciently  near  to  affiict  it  sensibly,  it 
will  assume,  when  left  at  libmty,  a  di- 
rection nearly  north  and  south.  When 
disturt>ed  from  this  situation,  it  nturns, 
after  several  oscillations,  to  the  same 
position.  On  this  property  is  founded 
the  manner's  compass,  which  is  of  such 
essentia]  use  in  navigation.  In  moving 
horit^ntally  towards  the  position  which 
it  thus  lends  to  assume,  tha  needle  of  the 
compass  is  said  to  traoerw. 

(92.)  It  is  found  that  in  this  country, 
as  well  as  throughout  Europe,  the  norlli 
pole  of  the  compass  deviates  a  certain 


s  (□  tbs 


the  exact  northern  direoiion.  This  de- 
viation from  the  true  geographical  me- 
hdian  baa   beea  ealted  the  r—gnftin 
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bv  iha  (fTW  FVioMm  f<  M*  Cwapaifc  uiwl*  Iwu), «»  hhv  (>>•»  Mwidn  (bf 

Ttw  TwtiMl  pUm  phiah  pum  throuKh  globe  m  divided  hf  tbii  •mi  tlw  «oin*> 

Iht  diMptios  of  tbf  bwiwatil  n*tdla  $t  ajimiijif  Aqoriam  lin*  inta  tira  tmi- 

any  pwtiwUr  pliM  if  tariMil  ttu  mv*  ipbmik     In  Itttf   hapiaphffa   whM 

mitkmm-Mm  M  ihtf  |il««e, in •»iilr»  Mffprabfnda  Enropt,  AfriM,  ind  Ibii 

diiiuHition  to  the  fmfniptmf  w  iriM  wMtam  parM  of  Ana,  loitUur  wiih  tha 

■Mnifia*,trbifliii«*triiwl|dM«pMh  gMtUr  porliw  <^  tb«  Atlkpti^  ttw  vfr 

iBtfthrouKhthapolMofUMftfth.  tiktion  4  la  Ibe  mm^     |n  tfi«an»> 

.  (OS.)  Th«re  trc  bvt  ^  pljwM  on  tb«  iit«  bMtiiplian,  which  Mmprim  mi^ 

Mrth  vbara  th«  eoapMi  pwDt*  dimitlr  thi  wM*  «(  Um  Aiumtw"  fontiBanlv 

t«t)M  poUt]  thitu,  whm  it  exhibiU  both  North  and  Bantb,  ud  tb*  »niwt 

M  Tamtion.    M  fn  vt  obMrralim  Faflifl*  Ootn,  fogethw  wiib  a  e«rtwi 

hw  ntnM.  tbiw  plwet  are  liiiMttd  poriion  of  BMwn  Aai«.  Uw  ■•natioa  ifl 

in  a  line  nhieh  enoompawM  UlS  glolMt  to  tiw  iMti 

Id  n)aa7«r  it«  pwtKm*  il  »pp«in  to  ^t-P^i/AtMapMcNtntif. 

fermpwrtofacmtwolaofthaiptHn,  («a.)  Bvt  In  ortm  to  Min  it  « 

but  in  olhm  il  daviatai  ranoti  froqi  r»<  kM«>l*dM  of  the  imI  jnlmwea  vhUi 

gularity,  weNnting  maor  fl»urw  in  ita  tlw  (Wtntsst)oii»nuvMtiBi)MMlU,it 

•oimM.    It  nMT  b«  aonsidsnd  a«  «w  ia  w>t  mSaieat  to  aaoeriaoi  tha  pontus 

peii«inK  tnm  a  point  nhish  ta».y  ba  it  aawunw  whaw  Ha  waTiwwti  aw  aawi. 

dMiiastod  u  tha  principal  aratio  mac.  tnedtoabannnttl  |daM,witia  iatb* 

natia  pole  of  ttta  eartn,  and  tha  aiaot  nwiinir'a  iiiimpaaa  iiT  tba  a  " 


■itiulioii  of  whioh  ia  not  vet  pnlMHy  ftnatitm:  m  whI  pltM  itisiiahBiv* 
aawrtaintd,  tllhough  lh«  lata  voyacea  oumataMHi  w  will  iSkm  H  tm  mow 
of  diwDTMy  ID  tlieta  re«ioni  hava  n.  freely  in  a  T«rtia«l  plaM  aka  But  to 
ablad  I}*  to  fonn  a  tolerable  raproxun*'  eSeet  thie  i»  an  unamptionnbla  na^ 
tion  to  (be  prtoiaa  apot,  whioh  appaan  nor  la  ailmBal*  dJOsalt.  n»rwtsb> 
t«  b«  a  point  lomawhera  to  the  weatr  itaala  with  wbieh  wa  hata  t»  Mntaiid  ia 
ward  of  Baffn'a  Bay.  After  orotaiBC  the  brco  of  8i«*ilr.  wMdi  bv  aotiag  is 
U»  United  Statoe  of  North  Amnioa  it  sm  direnlion,  int«teea  wilb  tha  apamr 
paiaet  alone  a  Ivaet  of  the  Atlutia,  a  tionafthnfeneortaitwthalBaKTwliMx, 
little  to  the  eaalweH  of  tha  windward  wbioh  a«li  in  a  ditbtant  aad  in  an  obr 
Weat  India  bUnd*.  til)  it  tonaheatha  liqiw  diraotiMi. 
narth>4a*(«m  p«nl  af  tb*  goath  Am*'  (BSOThereadieatnedaofrawivlnRtba 
riaan  aontincnt,  Thtaaa  it  etretehaa  inBueDeaofgravily.iji  toaSKaitealnea- 
1  Iha  Boutham  AUanlio  towardi  die  to  a  eorit,sr  other  buoyant  n '-' 


unabia  to  rollow  it.    It  i»-appeart  in  th«  ipeciia  pavit^of  tha  two  bodiai,  lo  that 

aaitarn  hemiaphera  to  the  aouth  of  Van  thoy  may  r^un  autpcodad  in  tha  middla 

Diamaa'a  Ifano,  and  paaaing  mtoh  the  of  tha  nuid  without  anv  tendaM;  either 

wtvtwnpMtofthaAuitraliancontinant,  to  floti  or  to  unit  i  taking  cue  at  tte 

il  wain  fmwd  m  tha  Indian  Arohip*.  lamc  lime  that  tha  •entro  of  gravity  of 

U«o.     Hare,  aatonlmg  to  B\ot,  it  di<  tha  wheia  oewddee  with  the  eaatra  ot 

'    '    *  ita  figuff,  ao  that,  when  (ba  needle  la 

,..    _.     _ unmagnetie,  ami  nnitKl  la  tba  e^[,  tba 

i4i;apaConunn;tttbentntverae«fliB<  two  tcgelhar,  nlaaad  Iw  any poaiiipn m 

doalan  and  Piviia.  lad  paaifag  IhnHlfb  the  Aiud,  ehall  naTO  no  tendency  to  take 

tlieweatemparto(BibMwatretaha«Oviv  any  other  peaition.    It  the  needle  ba 

to  l«pland  and  (ha  Noitban  f)ea,  Tha  now  iwdcrM  magnetie,  and  rcj^aoad  na 

Moapd  branah  pHrming  a  qwre  (Uraallf  befsra,  H  ia  found  lo  aatuma  a  poailiiM 

northern  courae,  trayeran   China  and  naariy  nrtioal,  that  ii,  malting  an  angle 

ChioeaaTartaiy.aMliukeiiliBiLittfni  with  the  plumb  Una  o(  about  so  dtgreea, 

—  the  eattfrn  dniaon  of  Sibanat  tha  north  nola  of  ibe  naadla  being  turned 

it  ia  tha  Afolw  RMai  about  U  oegren  to  (be  wettward  at  U 


BetwcanthaMthanqroatauitwinlaih  bnia  north.  Ha  deviatimi  from  the  plana 
nwdiate  lina  tf  no  larialion  in  aonN  of  the  nwridian  ia  equal  to  tha  Tarutina 
part  of  thf  aoaiipent  of  Aait ;  but  ihi    of  the  horiaontal  needle    It*  ioclLnBiiui 


obearvationa  wa  poweaa  tagardiog  it  n^  to  the  horiaontal  plana,  or  70°,  ii  called 

aa  yet,  too  ia)|Nrfaat  tQ  admit  9l  mg  the  dip.    But  thia  method,  though  well 

attunpt  to  tiaoa  itaan«lly.  fitted  arillualratiiigtbe  geMnlfut,and 

(H)  If  *•  Mntider  Utof  Aiiatio  the  fiiitd^  en  v^  il  depadib  to  not 


rdimivdi 


U  VAONmSK 

■cbpted   ftr    Mennt«   tiMMuumttrt.  gracnl  nia,  to  «faUt,'h(Hi«nr,'ttMn 

ForthiapnrpOMweiniuthBTCracoiirM  m  muj  mieptiant,  the  dip  diminiabM 

ta  other  contnvaiwefl.  u  «e  ^ipraedi  the  eqiwtor,  ud  n^ 

(97.)  Tttt  mefnwtio  force  11117,  I7  the  ereeMi  u  m  tcoede  from  it  on  either 

"-    y  dfntuiiio  method  at  the  raolii-  udc^    T<n(an!la  the  pcdar  regions  it  to 

F   force*,  be  reeolved  into    two  nrj  grcmt,  end  ea  we  come  tieer  to  the 

forcet,  the  aae»c<ini;Tertie>lIy,  the  other  polci,  it  approecbm  to  a  right  uigtc;  At 

horiiontallf.    Ihe  latter  of  theie  (orcei,  the    megnetia    polet    tbemMlvee,  the 

nemeijr,  the  hohiontal  forte,  it  the  onty  dipping  needle  would,  of  ooune.  In  «x- 

one  with  the  eetion  of  whidi  mritetioii  m^   perpendienlar    to    the    horixon. 

doe*  not  interfere ;  end  eeeorafa)^,  the  Thtwe  pleeei  on  the  eerth  where  the 

mnriner*!  compees  indieetei  bj  itt  mo*  needle  u  perfectly   hoiiioatnl,  that  ii, 

tiotu,  the  effects  of  this  pert  of  tbeter-  wbtn  then  is  no  dip,  ue  in  a  line  thst 

restrisl  magnetie  force,  and  this  only,  endrdes  the  globe,  end  ii  termed  the 

In  ordo:  to  sfoertsin  the  veitieil  Ibrcc^  magnetic  equator. 

we  must  mceed  in  e  different  msnner,  (99.)  As  the  magnetic  poles  are  not 

The  needle  must  be  Tumi^hed  with  an  tituatcd  exactly  at  the  poles  of  the  eatth'e 

axis,  at  ri^tanj^to  its  lengtli,  and  rotation,  but  at  some  little  distance  from 

adjiMted  very  canfnUy,  so  that  it  may  them ;   *o,  the  magnetic  equator  does 

pajM  a*  ezsetly  a*  pomble  through  it*  not  coincide  with  that  of  the  earth; 

centra  of  gravity.    This,  of  eoorsc,  can  though  it  doe*  not  in  any  part  deriats 

only  be  done  when  the  needle  to  whoUj  tridely  from  it      In  a  general  way  we 

free  from  roagnettMB,  and  »eewed,in  tliie  mavconnderit  as  a  great  drcle  of  the 

manner heree*™'*"- — — *"'  -"' ' —    _>-t.  -...---i ._  .l.  . .^_i  ._ 

aH  magnetic 

miicht  exert  upon  it    The  axes  should  be  teraections  with  it  being  lituated  at  the 

supported  horiiontally  in  each  a  man-  longitudes  113°  14'  weit,  and  eifi  4S' 

ner  as  to  allow  the  ne«Ue  complete  face-  east  than  the  meridian  of  Qrecnwidi. 

dom  of  motion  in  a  verlical  plane.    Tbe  Such,  at  kasi,  ii  the  result  given  by  all 

needle  beinif  thus  balanced,  will  have  no  the  observations  made  (br  en  extent  (tf 

tendency  to  incline  to  one  side  rather  more  than  one  half  of  its  cinniit,  in  the 

than  to  another,  and  will  remain  at  rest  Atlantic  and  Indian  Oeeeas,  and  that 

in  any  poeilion  in  which  it  may  happen  part  of  the  Padfie  which  ii  nearest  to 

(o  be  left,  u  long  ai  no  extraneous  force  tbe  South  American  continent,  as  ttp- 

is  a{)p]ied  to  it.      When  this  tias  been  pear*  from  a  table  of  these  otjsCTvalimu 

~  ~  MniEdiidied,  the  needle  is  to  be  mag-  ^ven  by  Biot*.    But  a  remailiable  ano- 

lised,  by  It '^-'-  "- — "  -  '-  ■-    — '-  = — "^  -"—   — "'- 


nelized,  by  the  methods  hereafter  to  be    maly  to  met  witti  when  we  traoe  the 


described,  as  itronzly  aa  potiible.and  it  coune  of  the  magnetic  equa 

is  then  to  be  replaced  on  its  luf^xnt*,  the  Padfic  Ocean.    Ttiii  tine  to  found 

which  are  to  Ik  turned  so  that  the  plane  in    the    southern    hemlijibere    in   tbe 

in  which  the  needle  is  allowed  to  move,  American  eontinent,  and  joint  the  equa- 

may  ecnncide  with  that  of  the  magnetic  tor  at  before-mentioned,  at  a  longitude 

meridian.    It  will  be  found  that,  in  Itut  of  about  113°;  but  itiU  further  to  the 

situaiinn,  ihe  end  of  the  needle  to  which  westwwd,  at  loi^tude  196°  SS*  it  to 

a  northern  polarity  hat  been  imparted,  again  met  with  at  a  distance  from  the 

will  preponderate,  or  dip.  as  it  is  called,  equator  and  to  tbe  south  of  it.    In  the 

and  afler  a  certain  number  ot  osoille-  Seaof  Chine  at  lIS°east  longilude,  itto 

tions,  will  settle  at  a  determinate  poinL  found    to   the    north  ot   Itw  etjvalor. 

The  line  which  itt  axu  assumes  under  which  it  must  therebwe  have  crossed  at 

thexe  cireurastancei,  is  termed  the  mt^'  someintermediatepiMnt;  and  it  u  again 

tietieal  direction,  or  poeiHon.  The  dip  of  inflected  towards  liie  south,  ao  as  to  lr»< 

theneedlEwasflntobservedhy Norman,  verse  tbe  equatorat  Ihe  eastern  noda 

(98-)  The  inclination  of  Ihe  needle,  (V  already  mentioned. 

dip,  like  the  variation,  difTera  in  ditto-  It  appeara,  therclbre,  from  these  ob- 

ent  parts  of  the  globe.    The  latest  accu-  servations,  that  there  are  at  leul  three 

rale  observation  of  the  dip  in  London,  pointsinthetcTTestrislequalorwherethe 

of  which  we  have  any  recoid,  to  that  of  magnetie  equator  coint^et  with  it ;  and 

Captain  Sabine,  who  ascertained  it,  m  the  probability  b,  that  there  are  fonr: 

August.   lb88,lo  be  69°  47'.*     Asa  because,  if  Ihe  latter  curve  passes  to  the 

: nottbemsideoftheequatoratiiiwesteni 

•  pfaiisiiipMntTnntKUoBiror  iKt.  siB«ib<  coincideBce,  it  must  again  cross  it  befot* 

bubHn  wnuiacd  by  (^i.8wileki  tetwOI^  r 

as-  «W«liirteb.tall«.  WA  -IWlidtnTilTW,  »SMUI.|UWfcl^lC 


HewwrtnatflMimaHnrifnriknia  (IW)  Ibafinf  aeenryeobMmtiotu 

whKh  It  bu  been  met  with  m  longitDde  of  thii  kind  wen  tboM  made  tw  Hum- 

15»i'.    T!ie»e  inflezioiu  wQl,  tberarore.  boWt.  uid  by  De  Ronel :  wfe  h»e 

enuDM  «  flgnre,  with  lelatna  to  the  comidaMy  ettabliihed  the  gmenl  fiict, 

tenettTMl  equator,  eomewhid  like  that  thai  the  inteniity  of  the  foroe  of  twea- 

repreMnled  in  Jte.  40,  where  the  dotted  trial  magnetism  increa-iea  as  we  recrde 

line  m  m  m,  u  lb«  magnetic,  and  the  from  the  equator,  where  it  it  ncAkHl, 

continuous    Ime,    a  e,   the    tencstrial  tiU  we  approach  the  poles :  at  the  ma^- 

equator.  netic  poles  themselves,  it  is  probBhIy 

**'"  ■"*  greater  than  at  any  other  spot.  We 
nave  every  reason  to  expect  that  (treat 
lifht  will  DO  thrown  on  tnia  department 
of  the  science  from  the  labours  of  Pro- 
fessor Hansteen  of  Christiana,  «ho  is 
BOW  trVTelliiw  at  the  expense  of  ttia 
Kingof  Sweden,  and  with  the  permia- 

Variationt  in  the  Intmtitff  of  won  of  the  Emperor  of  Russia,  for  tlw 

Terretlrial  Magneliim,  purpoae  of  observinf;  the  ma^^elic  dip, 

(100.)  Besiden  the  variation   and  the  variation,  and   intensity,  over  the  whole 

dip,  which  together  conslilule  the  ma^-  jf  the  North  of  Europe  and  of  Asia.  He 

netic  position,  and  which  differ  much  in  n"'  specially  directed  his  attention  to 

different  aituations,  there  is  also  a  third  tracetbe  course  of  the  lines  of  equal  iiv 

circumstance  hiriily  deserving  our  alien-  l«iM'y.  <iTuodynamte  Imet  as  they  hav« 

tion  in    connexion  with    this   subject,  tjeen  called:  thalis.  the  linesconnectinj 

namely,  the  intensity  of  the  force  which  ^^  P'»ces  where  a  needle  freely  sua- 

<Urects  Uie  needle  towards  this  position.  V^ea  in  the  magnetic  du-eetion,  and 

Extensive  obaervalions  of  the  wlative  m-  """"  »  certain  number  of  degrees  from 

tensitiesoflhemairnettcforeeoftheearth  tni«  position,  makes  the  same  numberof 

in  different  parts  of  ita  sur&ce,  are  of  vibrationa  round  the  pomt  of  reat  in  an 

greater  v^ue  in  enablinff  us  lo  under-  ■^"■1  •">* 

aland  the  general  system  of  terrestrial  ,.„,..,..„  ..  - 
maeneliam  than  those  in  the  dip  or  va-  S  *•  aypoUun*  of  the  Jfi«n«ftm  tf 
nation.  We  know  that  this  force  varies  the  Earth. 
fcreatly  in  ditfereot  latitudes  j  but  our  (103.)  From  a  conaideration  of  the 
information  with  regard  to  the  exact  general  facts  that  have  now  been  stated 
amount  of  this  variation  is  exceedingly  with  respect  to  the  influence  of  terrea- 
tcanly,  both  from  its  importance  not  trial  magnetism,  it  wiU  t>e  sufficiently 
havinj;  been  felt,  and  the  ooasequmt  evident  that  the  earth  acts  upon  mag- 
omission  of  the  pvper  observations  netised  bodies  in  the  same  way  as  it 
with  regard  to  it,  and  also  from  the  it  were  itself  a  magnet;  or  rather  aa 
greater  difficulty  there  is  in  conducting  if  it  contained  within  itself  a  powerful 
the  experimenta  which  are  required  to  magnet  lyin^j  in  a  pontion  nearly  coin- 
ascertain  it,  cidingwith  its  axis  of  rotation.  This 
(101.)  The  beat  mode  of  estimating  hypothesis  was  originally  proposed  by 
the  comparative  intensities  of  the  mag-  Dr.  Gilbert  in  his  wonc  entitled 
netic  action  In  the  same  needle  m  two  "  Phyaiologia  nova  de  Magnate,  et  de 
difi^rent  pUces,  is  to  count  the  number  Tellure  magno  magnate,"  published  in 
ofoscUlationa  which  it  makes  in  a  given  the  year  1600;  and  K^ler  ranks  thii 
time,  a  minute  for  exam[de,  on  itstieing  hypolheus  among  the  greatest  disco- 
disturtMd  from  its  position  of  equih-  veries  in  the  annals  of  science, 
brium,  while  itis  resuming  thatpoaition.  (104.)  In  order  to  make  this  hypo> 
The  movements  of  the  DMdIe  beintf  re-  thesis  agree  with  focts,  we  must  assume 
gulated  by  the  same  dynamical  laws  that  that  poleof  the  terrestrial  magnet 
which  ip)veralheoscillat)ona  of  the  pen-  whidi  is  situated  in  the  northern  regions 
dulum,  it  is  a  necessary  consequence  of  of  the  earth,  attracts  the  north  pole  of 
thoselaws,lhattt)emlentityortbe(drce  the  compass  needle,  and  consequently 
producing  the  oscillations,  is  propoN  that  it  haa  the  same  properties  as  the 
tional  10  the  square  of  the  numtier  of  aouth  pole  of  an  ordinary  magnet,  ^nic 
oscillations  performed  in  a  given  time,  opposite  pole  of  the  earth,  or  that  utu- 
Hr.  Graham  appears  to  have  been  the  ated  in  the  antarctic  r^ons,  haa  the  con- 
first  who  devised  this  method  of  me^  trary  properties,  for  it  attracts  the  south 
■tiring  tiie  magnetic  inteiuitieSi  pole  en  toe  oompaM ;  aodtbenEDreosr , 

my 


0  UMWnBn. 

iret|K>i>dl  in  itf  prgiwliw  t»  thf  nfrtli  imtp,   W«abwldi|atl»vtd«lKgp«p 

'pcdsuf  Kooininon  aagnet,  thii  cotamnUivcly  unimpotinl  tapie, 

(105.)  It  mty  be  neeeMtiy  torernvk  wew  it  not  tint  thw  ohsniie  o(  luiiiuitfW 

thftt  thii  oircuDntaiiM  of  ihe  toutti  pole  ii  auidionecl  and  ulopted  by  Bjot  wi 

of  the  lerrettrial  migiwt  being  sitiutcd  nio*t  ot  tba  CoDtineatu  writen  on  intg' 

nearlhe  north  pole  or  the  earth,  and  viw  netiim. 

MTM,  haa  occtiionaUy  created  aconfib-  (107,)  AjfamiiiK  U,  then,  M  an  hypo* 

tioR  of  terma.  Some  aulhiH^  have  taken  tbesii,  that  the  eaiih  contains  in  iu  a>ii, 

a  fancj  to  reverse  the  names  we  h^ve  or  near  it,  a  powerful  magnet,  let  ut 

hithwto  given  to  the  magnetic  polan-  note  Ihe  consequeMwi  which  follow  rrom 

tie* :  aMumins  that  it  iimore  correct  to  it,  and  compare  them  with  the  fnctt. 

aet  out  iy  odling  that  property  whiob  We  (hall  be^o  with  those  that  relate  to 

diafinguiinei  the  pole  of  the  terreatrii^  the  inductivs  power  of  the  earth's  maK- 

maKnel  uluated  in  the  northern  re^oRR,  net :  a  power  which  will  be  exerted  in 

tlw  QOrlhern  polaritv:  andoomequentlf  the  direction  whi^  a  magnetieed  needle, 

to  give  the  name  oftne  louth  pole  to  that  at  perfect  iibertf  to  move,  would  axiume 

fOKof  ttie  compaic,  or  ordinary  munet.  in  coDaequeDceofthe  action  of  tetreslrisl 

which  ii  attracted  towardi  it,  and  wnich  magnetism;  that  is,in  the  direction  ofihe 

of  ooiirae  has  Ihe  opposite  polarity.  ¥ar  magnetic  position.    In  this  part  of  the 

.the  same  reaaon  they  would  call  the  ant-  glotie  this  position  li,  as  we  have  seen, 

arctic  pole  of  the  magnet  of  Ihe  earth,  JA«  notveiy&rfiromtheparpendiculiirtothe 

foulhpott,  and  that  end  of  Ihe  needle  horiion.    A  bar  of  unmagneiised  iron 

.whiohis  turned  towatds  it,  iMe  north  placed  in  the  vertical  position,  or  near  it, 

poU.  Mr.  Savary*  endeavoured  to  avoid  ought  thetvfore    (o    beeome  maKnetie 

this  eanfusiofl  of  terms  by  using  the  f^om  the  inflaeiiee  of  the  earth,  and 

word  end,  in  contradiitinctton  to  that  of  merely  in  consequence  of  its  posiiiofi, 

foU;  and  thia  ptinueolsgy  i«  adopled  It* lower  end  should  exhibit  the  proper' 

by  Mr.  Christie  in  hia  papers  in  the  Phi*  tju  of  a  nmlh  uole,  uid  its  upper  en4 

JoaophicalTrJuwaelioas,  as  appears  from  those  of  a  sonln  pole.    All  this  agrees 

the  following  passage  ;    "  To  prevent  perfectly  with  experience.    An  iron  bar 

any  amtriguity,  1  must  here'  state,  that  held  neariy  npright  will  be  found,  at  its 

■^r  tlw  loutk-foleof  a  mogneti  I  |in4er-  upper  end,  to  ^trmet  l)w  north  pole  of 

ilfand  alna^s  the  end  which,  when  the  a  compasi  needle,  and  repel  the  south 


wards  the  north  pole  of  the  earth ;  so    Jts  lower  end,  on  the  oontraiy,  will  at* 

'"•■•^ -Affldisth "■^-•--^    ' — ^.i- "-  — .-  -.-     -    -     .- 

Xpoltat  a  mag>    ^  the  com p 

irity.    Tha 
■rt  of  terms  are  used,  provided  Ihey  are    of  Ihe  ends  of  the  bar  depend  altc^her 


that  the  north  end'w  the  touthpale,  and  tract  the  louUi,  and  repel  the  north  pole 
IhefoutAeru^tfaenurfApo&of^a  mae-  ^  thecompasi:  and  has  Iheretore  a 
nelic  needle  ,"    It  matteis  liltle  which    northern  polarity.    That  theae  properties 


clearly  defined,  and  all  persons  agree  to  en  the  position  of  the  bar  itself,  is  p 

abide  by  these  de&nilions.    But  wliere-  by  reversing  it*  position :  when  the  iwo 

ever  a  diversity  of  practice  exists,  it  is  ends  will  be  found  to  have  exchitnge4 

then  best  to  atihere  lo  Ihat  which  most  twlariliea  merely  by  their    change  of 

^nerally  prevails:  in  the  present  case  situation;  tlie  upper  end  being  always  a 

the  authorities  in  hvour  of  the  nomim-  south,  and  the  lower  end  a  north  pole. 

clature  we  have  adopted  are  much  thf  On  the  other  band,  if  the  bar  be  placed 

moat  numerous.  in  a  position  at  right  angles  to  the  mag- 

(lOS.)  §om«  have  attempted  to  avoi4  netic  poailion,  (for  example,  horiiontally 

the  confusion  which  the  change*  just  and  with  the  end*  directed  to  the  east 

mentioned  would  lead  to,  by  the  intro-  and  west,)  it  will  not  exhibit  any  cba^ 

^uijiioii  of  the  terms  Boreol  and  Aiulri^  ractcristic  magnetism, 
initead  of  norfA  andfoutA;  theformer        (loa.)  The  magnetism  srfaidi  a  soft 

srl  of  terms  having  reterence  to  Ihe  nai>  bar  of  iron  derives  from  its  poation  with 

tural  migneiism  of  the  earth,  the  latter  relation  to  the  earth,  is,  as  we  have  ]uit 

to  tliiit  of  the  needle,  or  artilkial  mag-  seen,  of  a  transitorv  kind ;  imqiedittlely 

net:  Ihat  is.  Ihey  would  express  what  lost  on  turning  tite  bar  so  that  it  make| 

na  have  all  along  called  the  northern  aright  angle  with  the  magnetic  position; 

fH-Uirity,  |jy  the  term  Auilral  poianly ;  and  again  acquired,  but  witb  eootrarv 

andihetouMem  polarity,  they  would  poles,  when  its  position  ii  reversed.  Bol 

trttnalale  by  the  expression  Soreuf  |>o-  this  is  not  thecasewithharderban,  for, 


a.  Tnw.  (HITS*,  slat. '■ —    ^  remaining  for  a  considerable  tiow  id 

...... .?.  __~-i.., — :«_  "■- arefo^ndto«o- 


tuM.(Qiun,^rii  a  vertical  poaitipn,  they  are  AHind  to  ai 


'•dN k mmU* tmi  Mirantnl iMia*-  tlMappa-Miduqiiin!)ctbeionthpni.wi) 

tMB.    This  H  jiMUniUf  tlw  owa  with  tba  lower  end  the  nurinerapoluiiy.  Hot 

the  ilfttiocwn  inn  b«ra  beimwioK  to  »  iron,  aocordinc  lo  the  ume  eKperiDien< 

buildiiig,uid«mimthpolMn  •Mother  laliat,  recnvei  moie  naKnetiim  of  posi' 

flr^ironi  which  hkva  I0B9  be«  kept  in  tioa  tiian  the  lame  when  cold.    An  iron 

an  npright  iKMitioB.    Thie  oirqumitMoe  bar  j>  rewjered  mignetica]  by  posting 

will  kbo  nadilf  Mcount  for  the  pom*-  an  aleetncal  discharf^e  throu([h  its  axii, 

nent  nugnetitnof  IhatalaMof  ironorea  provided  it  be  in  a  position  favourable  lo 

to  which  ttw  joadatooe  belongs.    Indeed  induetioa  b;  the  earth :  and  the  polaiitf 

it  is  perhap*  not  goin^  too  far  to  a«aert  it  aci)ui)res  eorrespondi  with  the  etfeuta 

with    ProfeHor    Hobifon  that  all  the  of  thtf   induction.    Electricity  Rupeui 

toagneliun  whish  we  obteiTe.  wbetbar  to  act,  in  this  instance,  merely  by  its 

in  nature  or  art,  ii  either  the  ininediata  macbaniDal  agency,   and  independent  ly 

OTthcmaotaaflMoftbanugaatismof  of  a  peculiar  influence  of  another  kind 

the  eartli.  wbiah  it  possesses,  and  which  will  be 

(101.)  All  tba  phenomena  which  wa  the  sul^ect  of  future  inquiry. 

have  abtady  deacribad  aa  the  consa-  (110.)  Let  ua  now  examine  how  f^ 

quenaei  of  indueed  raagnetiatn  prooead-  Pr.  Gilbert's    hypothesis  corresponds 

inii;  from  vdiiwy  magnets,  are  ezea)-  with  the  actual  phenomena  of  the  varia- 

plified  alto  in  tba  easa  of  that  derJTed  tions  of  magnetic  position  in   different 

-Iron  the  magnetism  erf  the  earth.    It  is  part*  of  the  globe.    For  this  purpose,  it 

most  readilf  induced,  but  tonnaat  loal,  will  be  neceasary  to  revert  to  what  was 

in  the  softest  kinds  of  iron  and  steal ;  it  explained  in  a  fi»nier  chapter  regardii^ 

it  slowlTaoqubed,butn)Drepermanentljr  the  positions  which  a  small  oe^le   aS' 

nlainMl  in  hard-lampered  iteaL    Fes-  sumes  wbea  under  the  influence  of  a 

n  promotM  ths  ohaoge,  (^  what-  strong  magnet  in  its  vipinity,  and  va- 


ever  kind  it  may  be,  wtiieti  the  poiitum  nously  situated  with  respect  to  it.  These 
of  the  bar  relatively  to  lbs  aarth  has  a  poutiona,  we  have  seen,  are  tanvents 
tsndenq'  to  produos.  tlenoe  wa  saa  the  to  a  magnetic  curve  passing  through  the 
raasonwhy  tiutleelbardest^bsdinip  two  poles  of  the  great  maitnet,  and 
beoame  permanently  mAgnetii)4  Of  through  the  centre  of  the  needle.'  The 
being  struck,  while  in  aTertical  position!  diicction  of  the  tangent,  which  it  (he 
with  a  bammn.  Mr.  Seonwj  found  sane  at  that  of  the  dipping-needle, 
that  even  a  bar  of  soft  iron,  held  in  anjr  logelbor  with  that  of  a  vertical  line, 
position,  exoept  ia  the  plane  i>f  the  ma^-  or  one  perpendicular  to  the  horison. 
netio  equator,  may  be  rendered  magna-  will  determine  the  plane  of  the  magnetic 
tjoal  by  a  blow  with  a  hammer  or  other  meridian,  for  it  is  the  pLane  which  in- 
baril  subitsnea ;  and  both  ends  sasm  to  oludes  both  these  lines.  The  compass* 
acquire,  by  this  treatment,  aaequalda-  needle,  whichturosinanhoritontalplane 
■  grse  of  magnetism.  only,  will  arrive  at  its  position  of  equl- 
On  Ihe  other  hand,  an  iran  bar,  pot-  librium  when  it  is  situated  in  the  plane 
sesting  permanent  poUri^.  wtun  placed  of  the  magnetic  meriijian,  t)ecauie  it 
any  where  in  a  direotion  at  right  angles  then  makes  the  nearest  approsch  of 
to  the  magnetio  position,  and  struck  which  it  is  susceptible,  to  the  position  of 
sevemi  times,  hat  its  magnetism  always  the  dipping-needle,  which  is  that  towards 
much  weakened,  and  may  even  be  da-  which  the  magnetic  influence  of  ttie 
prived  of  the  whole  ofili  magnetism  bj'  earth  tends  constantly  to  bring  it. 
a  siniila  blow.  This  affords,  indeed,  an  (HI.)  In  those  parts  of  the  (dobe 
excellent  method  of  deimviag  iron  of  its  where  the  dip  is  very  imall,  theliori- 
mauntitism,  Rouf;h  treatment  of  any  lontal  needle  is  capable  of  taking  a  poii- 
kind,  such  as  fUlim  or  soouring  ttw  tion  very  nearly  approaching  to  that  of 
turface  of  iron,  and  more  espeeially  the  dipping-needle  ;Vnce  the  terrestrial 
bending  or  twisting  it,  when  iu  the  mag-  magnetism  is  exerted  in  brinvng  it  to 
netieal  position,  tends  to  imiMit  to  it  thfl  this  position  with  very  little  lots  of  its 
magnetism  oorre^Mnding  with  that  po-  foree.  This  happens  in  the  aquatorial 
■ition;  or  to  destroy  ita  pFSvious  ma^  regioni  of  the  earth.  In  high  latitudes, 
Mtisn.  if  U  ba  (ut»eated  to  the  tame  pn  the  ccmtru;,  where  the  din  is  great, 
treatment  in  a  position  at  rifht  aaglta  .the  foiwa  which  actuate  the  nohionlal 
'to  this.  needle,  aet  more  obliquely,  and  there- 
Iron  heated  to  redness,  and  tfuoettei  fbre  to  great  disadvantage :  hence  the 
in  water,  in  a  vertical  poaition,  was  found  eompaaa-needle  is  more  feebly  impelled  ; 
)viir.S«an*)qr  to  Dwna  ffagiietia;  IbapototoftMtifleiidecidedlfiwuMt 


ja  MAGNKTISl^ 

and  the  compan  tnvenes  uoiri^.    The  mgixtio  pete  do  ttot  oeeapjr  point*  on 

i^Molule  iat«nsity  of  the  tnrettruU  fbice  the  jilobe  diametricallr  om>o<ite  to  eadi 

ii,  indeed,  greater  in  the  latter  ease  than  other,  which  woaU  be  the  oaw  if  the 

in  the  former ;  but  the  increaie  ia  not  nugnetic  influence  t^p'W  from  Ihe 

suSiuient  to  compentate  for  the  greater  centre  of  the  earth.    It  bat  beei  lup- 

obliqiiity  ,of  ite  action.     If  we  could  poted,  in  eoneequenee,  that  the  terrcs- 

place  our«elvet  exactly  over  the  north  trial  magnet,    or  centre  of  masnelio 

or  south  magnetic  pole  of  the  earth,  force,  wa*  eccentric.    But  this  tuppo- 

the  dipping-needle  would  take  a  Teriical  tition  alone  will  not  luffioe ;  for  tkere 

pouBon,  and    the  horizontal  eompait  are  varioua  indications  of  the  influence 

would  no  longer  be  sensible  to  the  in-  of  more  than  one  pole  in  each  hemi- 

fluenee  of  terrestrial  magnetism,  but  sphere  of  Ibe  earth;  and  the  probability 

would  remain  at  rest  in  any  poeition  in  is  that  these  poles  are  of  verr  unequaj 

»l:-u  :»  ^-i—ut  u^^„^^  *..  u.  »i.,»j  :..,.«.^:_       /\al_     : _.i it-: :_■ 


which  it  miRht  happen  to  be  placed.  intensities.     Other   irreirulantie*  exist 

(112.)  All  these  consequences  of  the    which  appear  to  owetheir  existenoeta 

hypothesis    which    ascribes  terrestrial    the  influence  of  causes  entirdy  local  and 


matrnetismtotheinfluenceof  a  magnetic  of  hmited  extent,  luchaa  might  be  sup- 
power  inthe  centialr^ons  of  Iheeaith,  posed  to  be  derived  fnm  large  manes 
and  of  which  the  direction  neariy  coin-  of  iron  utuated  at  different  depths  be- 
cides  with  its  axis  of  rotation,  may  be  neath  tlie  surface  of  the  earth, 
experimentally  illustrated  by  placing  a  <114.>  Ihe  obeoTations  best  caku< 
strong  magnet  in  the  centre  of  an  arti-  laled  to  demde  the  important  question 
ficial  globe.  The  points  on  the  surface  of  the  existence  of  secondaiT  magnetic 
which  are  opposite  to  the  poles  of  the  pedes,  u>peaT  to  be  thow  of  the  varia- 
magnet,  are  to  be  mariied  aa  the  tcrrea-  tions  of  magnetic  intensity,  from  which 
triu  magnetic  pole*.  A  great  cirde  wederi*e(he  koowledgeof  the  isodyna> 
being   traced    equi^stant    tnm  these  iiuclinesa]read7adTerledto<$lOS);for 

Soles,  will  be  Ihe  macnebc  equator,  these  lines  will  necessarily  an-anirelhem-  ' 
ividing  the  globe  into  (at  northeni  and  telves  in  r^oltr  order  around  the  pcnnt 
southern  magnetic  hemispherea.  Gnat  orptantaincaeh  hemisphere  when  the  in> 
circles  passing  throiif^  the  poles,  end  teiuity  is  greatest,  that  is  around  each 
crosung  the  ei^nator  at  right  angles,  respeetiTC  pole.  If  these  poles  wen 
will  be  magnetic  mmdians ;  of  which  smgie,  and  placed  opposite  to  each  other 
theone  which  also  passes  thronghihe  In  the  globe,  one  in  the  northern  and  the 
poles  of  the  earih*s  rotation  will  be  the  other  in  the  southnn  hemisphere,  Ihe 
lines  of  no  variatioo.  Smaller  drelea  Hnes  of  eoual  intensity  would  form  pn- 
parallel  to  the  magnetic  equator,  wiU  isUel  orJes,  analogous  to  those  of  geo- 
indicate  situations  when  the  dip  is  the  giafdiic  latitude.  Captain  Sabine  re- 
same  in  alL  The  lines  of  equal  varia-  marks  *  that  the  observations  on  this 
tion  will  be  curves  of  particular  forma  sat)iect.  made  previously  to  those  of  Pro 
less  easily  deterroinable.  The  accord-  lessor  Hansteen,  appesred  to  corrobo- 
ance  of  net  with  theory  may  now  be  rate  such  an  hypothesia  ;  fcv,  alttuH^ 
verified  by  idadiw  in  diflkrent  situations,  they  extended  widely  o>ver  the  nugnetia 
on  the  surraee  of  a  ^obe  so  prepared,  n  panllels  in  the  nmlhem  hemisphoe. 
small  needlesuqwnded  as  freely  as  pos-  namety,  from  the  least  almost  to  Ihe 
siblebya  fine  thread,  which  holds  it  greatestintwsi^.yet  tbeywenconfined, 
balanced  as  nearly  as  possible  at  tit  ui  respect  to  Include,  to  a  space  little 
centre  of  gravity,  and  observing  the  more  than  a  qvaiter  of  a  baoispbere ; 
positions  itasiumesin  each  ritnation.  and  to  that  quarter  which  is  inunedi- 
(113.)  But  when  we  come  to  compare  ately  opposite  to  the  eonntries  visited  by 
theregularlinesthuatracedfromtheoiy,  Frofenof  Hanetecn.  Within  the  apace 
on  the  suppoution  of  a  single  central  that  bad  been  thus  examined,  the  isody^ 
magnet,  with  the  lines  which  obser-  namic  carves  ifipeated  to  amngethem- 
vntion  points  out  as  those  indicating  selvea  with  comparative  insignificant 
the  actual  variations  of  Ihe  magnetism  deviatiDna,  m  paralld  circles  around  * 
oFlheearth,  we  meet  wiUi  very  remark-  pomt  situated  m  the  north-eastern  part 
able  discordances.  Many  have  been  the  ofHudson's  Bay,  and,  aa  nearly  aaeould 
atlempls  made  to  explain  the  irregnia-  be  judsed,  about  the  intersection  of  the 
rities  and  snomaliei  in  the  course  of  the  sixtieth  degree  of  geogr^ical  latitude 
mafrnetic  lines  by  suppovtions  of  various 

liindi.    There  is  reuoa  for  behering  " '  ' 

that  tbe  noithem  (   ■    "  •■     - 
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wiflitiM  tnericKMi  of  «<»  w»t  of  Onto-  fbritwunottaitheTMr  leu  that  the 

wieh.  RUignetic  ccnncided  with  the  true  oieri- 

But  H.  Huutwn  wu  led  bv  ft  mon  diaa.    In  1614,  it  wu  22"  3V  weit   In 

owrefiil  coaiidcrabon  of  the  lugbt  ap>  Oetober,   1SS9,  the  vanation  at  Paris 

parent  detialioDa  wbioh  had  been  no-  wai  atcatained,  by  M.  Ar^,  to  be 

tioed,  and  of  the  gemeial  diipotition  on  32°  12'  S"  vreat*. 

the  globe  of  the  linefl  of  dq>  and  varia-  At    London,   the  weaterly  ranation 

Uaa,  to  infortbe  exialenee  of  a  second  continued  to  inoreue  till  the  year  lais* 

point  of  prindpal  magnetia  action  in  when  it  amounted  to  24°  3D.'    This  ep- 

the   Dortlwni  Itemiiphere.      Tbii   fact  p«an  to  have  been  ita  nuximum ;  for 

nuqr  now,  indeed,  be  r^arded  ai  tutly  nnee  that  time  it  hai  somewhat  dimi- 

estal)U*hed  by  tus  reesnt  obtervationi ;  niibed,  and  ia  at  present  about  24^. 


the  isodynamie  eurres  bein^  found  to  It  aopeai^  from  tlte  table  given  by 
arrai^  tbemsilTea  svitemsbcallv  round  Mr.  Oujnnt.  that  the  annual  change  in 
two  poles,  the  one  inHodson'i  Bay  and    the  vanation  ha*  diminUhed,  in  each 


he  other  in  Siberia;  and  to  be  governed  tuoeeiiiTe  periodi  mnce  the  bqjnning  of 

in  the  courses  which  they  fbllinr,  partiy  the  last  eentuiy.    In  the  preceding  cen-  - 

|w  tlieir   distances    respectifdy  fkom  buy,  that  is  bom  1S32  to  1691,  the  an- 

thoae  points,  and  partly  by  a  di^«ri^  nnal  change  waa  d>out  lO* ;  from  1723 

in  the  absolute  attrsctiTe  tbice  si  the  to  17r3.it  waa  about  8*;  fnm  1787  to 

points  themselves:   the  in«Timiini  in-  1793,  about  5';  firomtluttime  to  1802, 

tensity  in  8iberiaappearingtobe*raaker  only  l'.2:  \a  IS18  it  waa  reduced  to 

than  that  in  Hudson's  Bay.aod  existing  mxo, 

at  a  point  rituated  in  longitude  102°  east  (llfi.)  Ihe  d^  has  also  undergone 
of  Oiemwich,  which  ia  as  nearly  as  can  eOTTen>onding<:iiang«s,thoi^le>soon* 
be  Judged,  18D°from  the  present  posi-  aideraole  ones  than  the  vanalion.  In 
tion  of  the  oorreipondinc  pointinHud-  lS80,the  dip  in  Iiondon  was  73°  SO*; 
son's  Bay,  and  in  a  latitude  stHoewbat  in  1723  it  waa74°  tS*:  sincewhichtims 
to  the  ninth  of  vf,  but  which,  it  is  to  it  has  been  observed  to  diminish  pro- 
be hoped,  will  soon  be  more  partioularly  grestirely,  thoiwh,  as  it  would  seem, 
determined.  not  quite  ngulaiqr. 

i  i.  Pngruriva   Chtmgm  qf  Varia-  In  1773ttwu  7lP  ig'DrTHeberden. 

tion  and  qf  Dip.  —     "'     "'  '      " 
(1  IS.)  The  most  singular  and  unao- 
countatde  ctreumstanee  rdative  t<-  '— 
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1  nagnetism  remains  vet  to  be  1806,p.4l9. 

notieed;  nuidy,  that  it  doei  not  remain  1B19    „      70  34  Capt  Kater.  Re- 

oonslantly  the eame  in  the  same  place,  ,  __                    _  „  g*ot*  ^f*.- 

but  undnroea  a  slow  and  progressive  1B!1     ,.      70     3  Captain    Sabine, 

change.    The  variation  of  the  compass  Cl«swick. 

is  iuavariable,  not  merely  in  dififerent  828    „      69  JJ  ^     Ditto. 

regions  of  the  ^obe,  but  at  diBteeat  "30    »     "  38  Cart.    Segricke, 

perioda  of  time.    Thus,  the  needle  in  „    ,,         ....  ^°"''"PMj. 

Londc«,inthBberiniring  of  the  seven.  ,  0"  the  continent  of  Europe  the  dip 

leenth  eenbirv,  ms  in^ned  a  fcw  de-  »"  unde^one  a  similar  dimmution  of 

grees  to  the  eUwaid  of  the  true  north.  It*^  years-    TbA  dip  at  the  ob.ervalon, 

In  1S99  or  1660,  it  pwnted   exactly  atPwis,mthe  year  1814,  was  68"  36', 

north;  or  in  other  wortsTthevariatioa  ?««S'l^    *<>,"«    determination     of 

wts  ^dueed  to  mro;  and,  of  course,  M.  Bouvard.   In  June.  1829.  it  was  as- 

Londonwu  at  that  time  one  of  the  "^"Br*^  ":*??9  ^fe*''^'-?- 

points  of  the  line  of  no  variation.    After  (117.)  Captam  8abine.by  compaiMg 

^  the  variation  became  werterly,  and  Jhe  pn»TOt  Sip  with  that  observed  for 

hi7  continued  so  to  the  piesent  time.  Uwlwt  fifty  ¥«««.  concludes  that  the 

The  Une  of  no  variation,  tWefiwe,  has ■ 

m  a  weateiiy  direction,   and  has  now  ,  ForiiwiiifcnuuioDninintoaiiiMcirawM 

peseed  over  to  NoHh  America.  'PElSSSHr  *7^ 

Similar  dwnges  liave  taken  place  at  cLpi^'aimiiki.'lif  u 

Paris;  buttheline  of  no  variation  ap-  >mtBiiorPnftin«Hu 

pears  to  have  paamd   over  that  city  £I'!3Sr^*i2hSi  ta  ai"i«««"t»«rii 

nOwrtattrthwi  it  did  over  London;  gjj;^  «••»••»-"»"•"-"""  " 
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tttcan  ftimnal  dTmtiralton  li  about  3'.  thmtT  Im^  h>  the  eXpeetttion  that  It 

Mr.   BRrlow  tindn  that  these  obierra-  will  continue  to  decrease  to|rethn- with 

tiuna   accord   much    TDore   nearly   with  the  dip,   for   abolit   two   hundred    and 

What  would  lake  place  on  the  snpposi-  flflj'-llTe  yean,  at  the  end  of  which 

lionof  aunifoTDi  motion  of  re*olutian  ib  period,  that  is  in  SOBS,  the  lonzititdeof 

the  magnetic  pole  round  the  pole  of  the  the  magnetic  pole  will  be  IBO^;  the 

earth.    Prom  the  moit  authentic  ob-  Ttriition  miUlMn  be  nothing,  and  the 

MTiations    on   the  dip    and   varialioil  dip  on)^  56°,  which  will  be  tti  minimum ; 

of  the  needle  in  London,  he  catculatei  they  wiU  then  both  increase  tojcether  for 

that  the  Inneitude  of  the  northern  ex-  the  next  two  hundred  and  sixty  years, 

treroity  of   the    magtiefie    polar    axis  when  the  needle  will  have  Hi  (rratest 

which  it  obers  wan,  in  1918,  ef  41'  n.fterly  Tariation,  and  will  then  a^^in 

west,  and  its  latitude  7S°  S*  north.    If  tvtum  toward*  the  north,  the  variation 

We  suppose  that  the  motion  of  this  pole  deerearinar,  tral  the  dip  iliil  increwin^, 

hat  been  uniform  since  the  year  1680,  tbr  one  hundred  and   sizly-flve  years 

When,  trom  the  disappearance  of  varia-  lon;^,  namely,  liU  about  fheyeiu-3510, 

fion,  its  londtude  must  have  been  lero.  When  the  magnetic  pole  nQl  be  airain  in 

and  (hat  it  has  preserred  (he  same  dis-  the  meridian  of  London  j  the  TBriation 

tance  from  the  terrestrial  pole,  its  an-  will  then  be  lero,  and  the  dip  will  amount 

hlial  motion  of  revolution  must  have  to  77"  JS*.    It  iato  be  otwerved,  how* 

been  atraut  ZJ'.  4.    It  would,  therefore,  ner,  that  Mr.  Barlow  advani-es  thi« 

Kquhv  eight  hundred  and  fifty  year*  merel]'  as  an  hypotheiia,  the  truth  of 

to  make  an  entire  revolution  of  380°.  which  remain*   to  be    determined  bf 

Computing  from  these  data,  it  Would  future  experience, 
fbllon  that  the  variation  ought  to  reach        (180.J  A  curious  hypothesis  was  ad- 

tts  maximum  when  the  longitude  of  the  «noed  by  Dr.  Halle^,  and  luppotted 

magnetic  pole  Is  70°  !3'west.    Itwould  .  With  aome  itigenuity,  in  ordertoexplain 

have  arrived  at  this  situation  about  the  ^  prog>%stive  chaises  that  tahe  place 

Jreari823;  aboutwhichtime.asitwDuld  In  the  variatioii  of  the  eoilipaat.    Ha 

appear,  the  variation  was    stationary,  mpposetthe  globe  we  fathatut  to  be  a 

having  attained  its  real  maximum,  and  mere  external  shell,  endoiii^,  lowardt 

having,  since  that  paried,  actually  r*<  iticentre,  a  detached  manielic  nuolous, 

ttoceded.  of  a  spherical  shape,  which  revolves  with 

(118.)  On  calculating  what  the  dip  the  external  ahelt  on  a  similar  axis,  with 


should  be  in  1823,  according  to  Mr,  nearly  the  same  velocity.  He  supposes 
Barlow's  hypothesis,  a  very  near  agree-  both  these  spheres  to  be  mamets,  having 
ment  with  actual  observation  is  found    Mch    two    poles  ;    but    the  poles    M 


to  take  place.  It  follons,  however,  from  the  one  nc<  cxaotiy  aorreepondinir  in 
this  hypothesis,  that  the  dip  has  not  an  attualion  with  the  poles  of  tin  other. 
uniform  decrease,  but  that  it  Ischan^ng    The  diflbrenoe  of  the  period*  of  rotation 


a  rapidly  at  tliis  present  time  of  the  two  spheres,  he  concuvea  to  be 

than  it  has  ever  done  since  manie^cai  exceeding]^  small,  yet  tvCdairt  to  be- 

observations  have  been  made.  Its  de-  come  sensible  after  the  lapse  of  rean, 

crease,  during  the  five  yeara  precedioK  ^<'  to  oeeasion  a  change  m  the  rdative 

1S34,  has  been  nearly  hiuf  adegree,  and  tituation  of  Iba  two  aete  of  EUpH4ie 

it  ought  to  have  diminished  to  an  equal  poles :  and  henee  woaU  ailsa  dwi^  in 

extent  during  the  followiiw  five  yeaia.  the  direetkn  of  then-  reialting  Mtiona; 

Hr.  Barlow*  haa  computed  *hat  in  and  eorreaponding  changes  in  the  vaiia- 

, **'^"ii:^?3*'*       T!!?""',  lion  of  the  magnetic  needle.    Howetor 

issa   ■    •    «   a*    •    •    69"  43  ingeniously  tba  hypetbesia  mar  hfttn 

1833    .    .    «    M     .    .    B"    SI  iNinfhunid.itwa<twboldafldiiioifnI 

The  near  fccordance  of  theseremlte  to  have  been  ever  generally  adopted.  Ita 

with  what  haa  sctually  been  obaerved,  .^uior,  indeed,  h^  the  eiodOM  to  ao- 

iacoo«derftd  17  him  aa  a  strong  confix  knowledge  that  it  U  famet  with  imiM* 

malioD  of  be  tru  hot  his  hypothesis.  ,ou.difflooltie«,vriik*furtb«exp«ienoe. 

( 1 1 9.)    It  wouM  aroear.  then,  both  ^tended  over  a  long  period  of  time,  oan 

from  observation  and  from  theory,  (hat  jone  enable  as  to  «mov«.    He  ton- 

the  dip  «  at  preKut  changing  more  ^udes  his  paper  in  the  PhUoecmhioaJ 

TapKlly  than   the  venation;    and  the  Transactions  !n  which  be  ha*  devSoped 

~~^_^^^^^^^^_^___^_  bit  iheoiT,  with  the  following  srntanect 
*  Bnt  whether  these  magMtioal  peiei 
novt  •bo(atlwr  with  m*  ma6aa,  m 
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«4fh  «evai]--«hiHicr  equtlhr  or  uA'  dfpeMttttBKnmt  it  a^oat  tight  o'clock, 

tquilly—whether  drculw  Ot  HbrAtOiy ;  tbenca  rcturaine'  qntcklj'  to  ill  mean  p6- 

if  circular,  tboul  what  centre ;  if  libra-  rition,  wiiich  it  attained  between  nin^ 

tory,  after  what  manner;  are  Kcreti  U  and  ten  o'clock,  after  which  It  becama 

yet  utierl;  unknown  to  mankind,  and  Westerly;  at  flrat  Increaiing  rapidtr,  lO 

are  rescrred  for  the  iodivtiy  of  jutui«  U  to  reach  Iti  UaXhndm  at  about  onil 

ages*.'  o'clock  in  tha  afternoon,  and  then  dowly 

.  -    T^■        .  r-i     _  .  ,^  rr— •  t.-^  receding:  during  the  reit  of  the  day.  and 

j  8.  Diurnal  Changacf  Vanahon  ^,i„|  ^  ^/^^     ^^,^  by  about 

and  liitrnftt]/.  tenolqlock.at  nighL    The  state  of  the 

(121.)  Indeptndantly.  of  the  cbangaa  wiealber.&ndmorepartiinilarlythat  oflhe 

atrendy  noticed,  (he  nosition  of  th<;  mif-  temperature,  had  contMerable  influence 

nelic  needle  ii  liable  .to  certain  iti^ht  an  ine  nature. and  extent  of  the  cbangea. 
variations,  accordinft  to  the  tlu^  of  the        (iMO.Mr^.Chcittie  remarlii  ihatllie 

day,  and  also  acoordlns  to  tha  s^Aion  of  ebangea.wbichai^obierved  to  take  place 

the  year.    The  daily  change  in  tjie  ta-  eaonol  be  explained  by  a  change  in  the 

nation  was  discovered  in  1734  .by  Mr.  directions  alone  of  the  terrestrial  forces, 

GeorgeGraham,  and  has  been  confirmed  biUlhal  Ibeir  characleri  agree,  as  nearly 

by  many  subsequent /ibwrvers, .  This  aswecan  ppssiblyexptct,withlheeffecl* 

Change,  however,  is  exceedingly  minute,  tbat  w.ould.  t&ka  place  from  an  increase 

and  requires  the  most . careful  gbserra-  of  intensity  ij  tti*  timsthatthe  direction 

tion,  and  Ihe  most  delicate  instruments  deviates  towards  the  west, 
to  render  it  aensible,  even  in  the  hori<        (13.5.)    The  occumnoa   of  diurnal 

■ontol  needle;  and  it  is  sliS  more  diffi>  cbangei  of  intensity  at  Christiana  in 

cult  of  detection  in  tha  dipping  needle,  Norway     have    been    ucwrta&ed    by 

which  does  not  admit  of  the  same  de-  M.  Hansteenithesameconcluaionbeing 

gree  of  delicacy  of  suspension.  dedudble  Ihns  bia  obMrvatiods  of  the 

(123.)  Professor  Barlow,  to  whom  the  yibraiions  of  a  needle  vety  delioatel]f 
■cienoe  of  magnetism  is  so  much  in-  suspended  j  and  also  fVom  tnoiw  of  Mr. 
debled  foritsmorerecentimprovementi,  Christie,  made  with  a  different  anpuiM 
has  deviled  a  mode  of  rendering  these  ("■•  uid  by  a  totally  diS'erent  method. 
diurnal  oscillation*  much  more  percep-  (126.)  M.  Hansleen  found  that  Ihe 
tible,  by  diminiahing  the  ordinal]'  direo-  minimum  intensify  occurs  about  half 
tive  power  of  the  needle,  through  the  past  ten  o'clock  in  the  morning,  that  is. 
Influence  of  one  ar  two  magnet*,  placed  about  two  hours  after  the  westerly  deri- 
■Itt  Euch  positions  with  respect  to  the  ation  has  commenced,  and  the  maximum 
needle  as  to  counteraot,  and  thereby  intensity  at  half-past  seven  In  the  even- 
neutrsliK,  as  It  were,  the  terTHfrial  ac-  fng.thatls,  about  the  same  time  afier 
tion.  The  effect  of  the  ordinary  aotion  Ihe  return  towards  the  east  Mr.  Chris- 
being  thus  removed,  he  Was  led  to  ex-  (it*  found  that  the  terrestrial  magnetic 
pect  that  the  extraordinary  oauie,  what*  Intensity  is  the  least  between  ten  and 
ever  it  might  be,  which  produced  the  eleven  O'clock  In  the  morning;  the  time, 
daily  variation,  would  exhibit  its  effect*  Dearly,  he  observes,  when  the  sun  is  on 
much  more  perceptibly;  and  thus  not  the  magnetic  meridian;  that  it  increases 
only  the  amount  of  the  changes  it  nro-  from  this  lime  until  nine  and  ten  o'clock 
duces,  butalsotheperiodof  their  taking  In  the  evening;  after  Which  it  decreaaei, 
place,  and  of  Ihe  maximum  of  their  ope-  ADd  continue!  decreasing,  during  tha 
ration,  might  be  ascertained  with  gr«al  morning,  until  it  attaina  it*  fflinimuini 
precision.  Theae  expectations  have  Dcen  already  stated 

am|)ly  realized  t>y  the  tticces*  of  hi*  own        (tsr.)   The   general   dependence  of 

experimental    researches,  and  abo  by  these  variation*  of  magnetic  position  on 

those  of  Mr.  Christie,  which  are  de-  diurnal  changeaoftemperetureis  suffici- 

luled  in  several  papers  in  the '  Philoso-  etitly  apparent  from  the  result*  hi'herta 

phical  TransSiOtions t,'  obtained.  Buttbe  proieculion  of  ihein- 

(123.)  The  generat  raault  of  the  ex-  quiry  involves  consideration*  of  another 
periments  of  the  latter  of  these  otiser-  klnd,connected  wlthaaubjeotwehavenot 
vers  waa,  that  tha  deviation  of  the  horl-  yet  touched  upon,  namely,  electro-mag- 
aontal  needle  from  the  mean  position  wa*  netic  and  thermo-magnetic  phenomena. 
Miterly  during  the  forenoon,  and  vru  (138.)  The  mean  diurnal  change*  of 
^__^__  variation  were  found  by  Mr.  Canton  ft 

•  FaiLTraM.  nvieS8,B.  n*.  '  "  • 
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difi^r  at  diSscnt  Muoni  of  the  jMT,  udebwigMof  vuittioiiBkiaABHaa, 

being  grtetut  in  June  and  leeit  in  D».  which  he  fbund  to  be  r«T  diSemi  in 

cember  *,  uid  he  hu  giyen  the  mulU  of  different  yeirt.      Tht  foDowing  Ubie 

hi*  obserTfttioni in  e tabider  form.   Mr.  oontunithe  remltiof  tbeiedifibKDtob- 

Gilpin  invetti^ted  thi«  lubject  it  a,  kter  eemtioiu  *. 
period,  and  give*  alio  table*  of  the  diur- 

Mtan  Dimttel  Changti  of  Variation. 

January 7'    8"  . 

Febniar; 8    S8  . 

March ir    17  . 

13   3S  .. 

13     0  , 

June 13  il  .. 

July 13   14  . 

Angtiit IS   19  . 

September 11   43  . 

October 10   3S  . 

NOTembw 8     9  . 


.   10'.2  . 

.     4'. 3 

.  10.4  . 

■    IS.     . 

.  17.4   . 

.  18.»  . 

.   19.6   . 

.    19  .<  . 

.   19.4  . 

.  I5.S   . 

.   14.3  . 

.  11,1   . 

B.8  ..     3  .B 

Chapter  IV.  tbeie  emtie  exeurtioru  of  our  faenltia : 

m,^n.j—.f  »r,_.rf.„„  tbej  iotiue  freih  intereal  into  the  purtuit 

JTuorim  of  Magiutum.  ^^  knowledge ;  they  inipire  with  t|{e  hope 

J  I.  M«*«*-,  n^.  "^^^TJ^^^T^r-z 

(139.)    Iif  the  general  view  we  hare  apark  which  kindle*  a  timin  of  Ikrht  i* 

now  sinn  of  the  preaent  atate  of  our  atmiriime*  ttruck  out  in  the  confliet  ol 

knowta^  with  regard  to  masnetiMB,  we  diacoidant  ipeculation;   and  anidri  i 


bave  alildlr  conibed  onrMSvea  to  t)w  multitude  of  attempti,  tome  eSbit,  tnon 

atatement  of  beta,  unmixad  with  hypo-  happy  than  the  reat,  diciti  an  impoitant 

thetical  ipeculatioai  ai  to  the  nature  of  diacorciy.    No  great  or  compreliennve 

tiie  poven  from  which  th^  proceed.  &et  in  acienae  waa  ever  eatablidied. 

We  nave acdely  endeavoured  togenera-  wilhontbeinKpreoededbyabold  though 

liiethe  tut^  at  hraa  thdr  nature  and  aagackma   conjecture.     Hypotiieti*  of 

extent  wouU  warranL  The  reiult  baa  aome  kind  m  oumt  u  innriauy  the  pn- 

been  their  reduction  to  a  rauU  number,  cunor  of  truth. 

tueh  ai  the  mutual  atlractiona  and  r«.        (1310  Magnetiim,  ever  tinec  it  occu- 

pulaion*  of  magnetic  iron  according  to  ped  (he  attention  of  pbiloaophen,  ha* 

certain   taw*,— ^  induetion  of  theae  been  a  fertile  aoil  for  hypotheaii.    Hut 

iroertiwonotheriranr-thedifirenoea  a.  ahapcleai  and  nnorganized  lump  of 

m  tbecuaeitiaaofreceiTing  and  of  re-  metal  ahauU  have  the  power  of  drawing 

taining  Ibeae  propeitie*,  exisUiw  in  ^-  toward*  itaelf  another  equally  rude  and 

ferent  Kind*  (rf  (teruginoni  hndiri     and  unfathioned  ^ece  lying  at  a  distance, 

the  magnetic  Influence  of  the  g^be  <rf  or  of  forcing  it  to  move  away,  aa  if  both 

the  earth,  were  alive,  and  animated  by  aome  prin- 

(130.)   Bat  (he  human  mind  ii  to  ci^  of  active  qrmpathy ;  «nd  that  all 

eonitituted  a*  to  refute  tieing  restrwned  thu  should  take  i>lBoe,  whatever  may  t>e 

within  the  boundariea  of  a  rigid  induo-  the  number  or  kind  of  the  intervening 

live  philosophy.    Indted  byan  irretisti-  bodies,  nay  even  in  (he  apparent  absence 

ble  oenre  of  ezplming  the  secret*  of  of  any  connecting  medium,  are  pheno- 

Nature,  it  tcruptea  not  a*  to  the  mean*  mena  of  too  remarkable  a  nature  not  to 

of  fordng  her  to  diieloie  them;   and  excite  in  us  a  lively  curiosity  to  learn 

borne  on  the  vringa  of  imannation  and  their  cause.    No  wonder  that  the  an- 

oonjocture,    rnsaet  fiirwu3a  with  an  cientt,  who  had  but  imperfect  notioni  of 

cageme**  whi^  often  betraya  it  into  the  real  otjectt  of  philoiophy,  were  tm- 

courtea  widdy  deviating  from  the  truth,  prested  with  a  vague   notion  of  their 

Yet  good  ii  often  fittma  to  icsnlt  from  oonnexionvrithimmeteria]  agency.  Mag- 

•ntl.IVtai.Aici;W,  11.3*8.  ■nU.TnahbrUai,n-41«,417. 
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nelie  tttraction  wu  uaribed  bf  Thtles  observed  e&cts;  Dewutes  wa>  the 
lothe  secret  inftuence  of  a  qieciea  of  foremoat  uaim|;thaie  philosophen  who 
miod,  or  soul,  residing  in  magneti.  Ubourad  to  account  for  all  the  unex- 
Thii  wu  also  the  doctrine  taught  bj  plained  morementi  in  nature  by  the  im- 
AnaxaKOf^i  "bo  extended  it  to  manjr  ptilaion  of  fluidi  drculating  in  vorticei ; 
other  phenomena  in  nature.  Others  en-  and  he  natnrally  viewed  the  phenooiena 
deBvoui«d  to  account  for  the  attraction  of  magnetic  action  u  strongly  corrobo- 
between  the  loadstone  and  iron  hj  the  ratinff  his  system.  Euler  also,  who 
TBgne  notion  of  a  bind  of  sympathy  ex-  tougnt  to  explain  various  natural  ap- 
iating  lietween  these  two  Ixidies.  In  pearances  bv  the  intervention  of  an 
later  times  Cornelius  Gemma  imagined  etheresJ  fluid,  did  not  ful  to  apply  his 
that  the  connexion  betiveen  them  wss  fiivourite  hypothesis  to  the  elucidation 
established  by  what  he  calls  inviaible  ofma^etism.  He  even  went  so  far  aa 
rays.  Cu^an  asserted  that  the  iron  to  imagine  the  possibility  of  there  exist- 
was  Rttracted  because  it  was  of  a  cold  ii^  in  the  substance  of  iron  numerous 
nature,  and  Costeo  de  Lodi,  because  canals,  through  which  the  ether  circti- 
iron  was  the  natural  food  of  the  magnet,  lated,  furnish^  with  valves  which  regu- 
(132.)  But,  consigning  these  wild  va-  lated  the  direction  in  which  it  moved. 
garies  to  the  oblivion  they  merit,  let  us  It  was  not  until  the  phenomena  had 
consider  whether  the  phenomena  of  been  examined  with  ^aler  care,  and 
magnetism  are  capable  of  being  re-  were  rigorously  subjected  to  the  in- 
duced to  any  class  of  physical  actions  ductive  process,  that  juster  notions  of 
with  which  we  are  more  fiuniliar.  In  the  nature  of  the  magnetic  forces  came 
accounting  for  a  motion  which  we  see  to  be  entertained.  With  the  knowledge 
taheplace.wehavean^urBlrepugnance  we  now  possess  of  the  actual  law  of 
to  admit  of  the  existence  of  a  power  magnetic  aitraction  and  repulsic~     ~' 


of  action  at  a  distance ;  or,  in  other  words,  must  be  at  once  perceived  that  all  hypo- 
to  concave  that  a  body  can  act  where  theses  founded  on  the  impulse  of  a  fluid 
itself  is  not;  and  we  always  incline  to    in  motion,  are  irreconcileable  with  that 


that  supposition  which  implies  the  mo-  law,  and  must  therefore  be  totally  dis- 
tion  to  be  the  effect  of  impulse.  We  carded. 
naturally  ask,  agreeably  to  this  prepos-  .  ar  ■ 
session,  whetherthemovemenlsofmag-  M-  Theory  ^  Mpirtut. 
netic  bodies  may  not  be  occasioned  by  (133.)  Theobviousanalogywhichpre- 
the  impulse  ofsomesubljleetherealfluid  sents  itself  between  the  phenomena  of 
impinging  on  their  surfaces ;  emanating,  magnetism  and  ttuse  of  electricity,  na- 
fbr  instance,  from  one  end,  and  passing  tut^ly  suggested  the  probability  that 
into  the  other,  or  circulating  in  invisible  the  same  mode  of  explanation  mi^ht 
eurrents  around  the  magnets  from  pole  appir  to  both,  and  laid  the  foundation 
to  pole.  This  fluid  might,  for  instance,  of  toe  first  rational  theory  of  magnet* 
be  conceived  to  emanate  from  one  pole.  iim.  While  ^pinus  was  intent  upon 
to  enter  at  the  other,  and  permeating  improving  the  beautifulelectrical  theory 
the  substance  of  the  magnet,  again  to  of  Franklin,  he  was  struck  with  the  re- 
issue from  its  former  outlet.  markable  similarity  in  the  attractions 
Such  was  the  train  of  thought  that  and  repulsions  exhibited  by  the  lourma- 
obviously  occurred  to  those  who  first  line,  when  it  is  heated,  to  those  of  mag- 
witneaied  the  arrangement  which  iron  netic  bodies ;  end  it  occurred  to  him 
^filings,  loosely  scattered  around  a  mag-  that  the  phenomena  of  magnetism  might 
net,  assume  in  consequence  of  its  be  derived  tVom  the  a^ncy  of  a  peculiar 
influence.  The  filings  have  the  ap-  fluid,  having  properties  very  similar  to 
pearance  wluch  would  be  given  by  a  those  of  the  electric  fluid,  but  which 
stream  of  fluid  brushing  bv  them,  acted  nclusively  upon  iron.  The  prin- 
and  turning  each  individual  filament  cipal  difference  between  the  two  sets  of 
in  the  direction  of  its  course;  which  phenomena  was,  that,  ia  the  case  of 
eomrse  might  accordingly  be  easily  electricity,  the  agent,  whatever  be  its 
traced  in  the  regular  and  symmetric  nature,  is  actually  transferred  from  one 
curves  that  are  exhibited  to  the  eye.  body  to  another;  but  in  magnetism 
In  the  inbncy  of  the  science,  and  in  the  there  is  merely  indnction,  but  never  any 
absence  of  any  other  hypothesis,  many  transfereDce.  In  as  far,  however,  as 
were  the  speculations  advanced  as  to  respects  mere  attraction,  repulsion,  and 
the  mode  in  which  these  supposed  induction,  electricity  and  magnetism  pre- 
itieuu  of  magnetic  fluid  produced  the  Mut  pbeaomenft  that  arc  perfectly  pa- 
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taDel  to  one  uiother.  FnnUin's  inge*  quantity  of  fluid,  mmt  be  nontnl  with 
luou*  theoiy  of  the  two  modei  of  mc-  regard  to  iti  u^on  on  any  other  par- 
trio  agency,  the  one  consbting  in  an  tide  of  fluid,  and  alto  on  any  other  par- 
MC«M,  ti)e  other  in  a  deficiency  of  fluid,  tide  of  iron.  Such  it  the  conditioo  of 
umI  the  happy  explanation  it  H&orded  unmagnetical  iron  or  ateeL  Ita  ma^- 
of  the  opposite  elcctncalitateiresultinp;  netiuu  ii  neulral,  or  in  a  stata  of  cqui- 
from  induced  electricity,  and  ilg  accu*  librium. 

mulation  in  the  Leyden  phial,  ven  a.p-  (137.)  But  should,  from  any  uuac, 

plied  with  fcreat  in|^nuity  by  ^pinui  to  this  state  of  equilibrium  be  destroyed, 

the  contrariety  of  magnetic  polarities  in  and  magnetic  fluid  be  dther  aecumu- 

the  oppoiite  ends  of  a  magnet,  and  the  lated  beyond  it*  natural  quantity  aa  n- 

induclion  of  eiroilar  magnetic  states  in  lates  to  the  iron,  or  reduced  below  that 

an  unmagnetized  bar  of  iron.     His  lya-  proportion,  the  patt  where  this  excess 

tem  of  magnetism,  when  digested  into  a  or  this  deficiency  exists  becomes  actire 

series  of  propositions,  may  be  stated  a*  —that   is,  acquire*  the  properties   of 

fii^ows : —  either  a  north  or  a  south  pole.    As  the 

(1S4.)  I.  There  exists  id  all  bodies  fluid  can  never  pass  beyond  the  surface 
capable  of  acquiring  magnetic  proper-  of  the  mass  of  iron  in  which  it  is  con- 
ties,  a  subtile  fiAiid,  which  may  be  called  tained,  the  total  qoantity  residing  in  that 
the  magnetic  fluid.  mass  must  remain  precisely  the  aaroe, 

3.  Theparticlesof  this  fluid  repel  one  whatever  be  its  mode  of  distribution; 

another  with  a  force  wtiich  decreases  aa  and  therefore  the  excess  of  fluid  in  thoae 

the  distance  increases.  parts  where  it  is  accumulated  or  te- 

3.  The  particles  of  the  miagnetic  fluid  dundant,  must  be  exactly  eompennM 
attract,  and  are  attracted  by  the  pajti-  by  the  redundant  iron,  if  we  may  so  a- 
cles  of  iron,  with  a  force  varying  accord-  press  it,  in  those  parts  where  the  fluid 
ing  to  the  same  law.  is  deflcienL    In  all  case*  it  will  be  oaly 

4.  The  parliclea  of  iron  repel  one  the  redundant  fluid  or  the  tedundut 
another  accordinii;  to  the  same  law.  iron  that  constitutoi  (be  active  part*  of 

i.  The  magnetic  fluid  is  incapable  of  the  magnet, 

quittingthebody in whichit isconlained,  (138.)  It  follows  a*  a  direct  oonse- 

but  it  IS  capable  of  moving  within  the  quenoe  of  the  second  condition  ot  the 

substance  of  pure  iron  and  of  soft  sieel  hypothesis,  that  the  pole  of  one  magnet 

without   any  considerable  obstruction,  in  which  the  fluid  is  redundant  will  rqel 

It  is  more  and  more  impeded  in  ils  nuK  the  pole  of  another  magnet  in  which  it 

tion  as  the  steel   is   tempos  harder;  is  also  redundant ;  because  the  fluid  in 

and  in  very  hard  tempered  steei,  and  in  each  is  mutually  repulsive  of  tbe  otbn-. 

some  of  the  ores  of  iron,  it  moves  with  (139.)  From  the  third  condition  of 

the  greatest  difficulty.  the  same  hypothesis,  it  likewise  foUoivs 

(135.)  In  order  to  judge  of  the  degree  that  the  pole  having  an  excess  of  fluid, 

in  which  the  theory  is  qualified  to  re-  or  the  overcharged  pole,  as  w«  may 

present  Ihe  &cts,  we  must  study  tbe  se-  call  it,  of  one  magnet,  irili  attract  and 

veral  consequences  which  flow  from  the  be  attracted  by  the  pole  in  whieh  Uie 

above  suppositions,  and  then  compare  fluid  is  deficient,  or  the  undercharged 

them  with  (he  actual  phenomena  which  pole  of  the  other ;  and  this  action  must 

are  presented  to  oor  obseivation.  be  reeiivocal. 

(13S.)  Each  particle  of  iron,  by  the  (MO.)  I(  is  also  a  necessary  coose- 

hypothesie,  attracts  a  particle  of  mag-  quence  of  the  fourth  condition  that  the 

netic  fluid,  placed  at  any  particular  dis-  redundant  ironin  the  undercharged  pole 

tance,  with  a  certain  force.    We  may  of  one  magnet  repels  every  similarly  con- 

eonceive  that  magnetic  fluidis  gradually  stituted  pcQein  other  magnets ;  bec&us«, 

added  to  the  particle,  until  the  quantity  by  the  hypothesis,  iron  Kpels  iron, 

thus  added  is  such  that  the  force  of  re-  (141.)  Hence  we  deduce  the  Kcn^r«l 

pulsion  which  Ihe  fluid  exerts  upon  any  law  that  similar  poles  repel,  and  dissi. 

distant  particle  of  magnetic  fluid,  ex-  milar  poles  attract  one  another, — a  l&w 

acUy  btdances  the  attractive  force  of  identical  with  that  we  have  already  de. 

the  iron  fOr  that  same  particle.    This  duced  from  experiment 

quantity  may  be  regarded  as  the  natural  (14S.)  Let  us  next  see  what  account 

(juanti^  of  fluid  belonging  to  that  par-  the  theory  gives  us  of  the  induction    of 

twleofiron.   Accordingtothisdefinition.  magnetism.    If  (he  overcbarj[[ed  pole  of 

therefore,  a  mass  of  iron.  aU  the  par-  a  magnet  be   brought  near  the  end  of  . 

«ae"  of  which  contain  their    tutaral  bar  of  iron  in  ita  natural  or  uanm^niZ^ 
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eal  state,  the    redundant  fluid  in  the  pole;  at  a  little  distance  from  ttui  m 

fcrmer,  exerting  a  repulsive  influence  on  shall  liave  a  north  pol« ;  beyond  this 

the  fluid  at  the  nearest  end  of  the  latter,  again  will  appear  anothCT  south  poU, 

will  give  it  «■  tendency  to  move  towards  and  perhaps  at  the  furthest  end  a  M- 

Ihe  remote  end.     It  will  obey  this  ten-  cond   north  pole.     Sometimes,  indeed, 

dency,  provided  the  texture  of  the  iron  there  will  be  only  three  poles,  the  middh 

offers  no  ohatruction  to  its  transmit-  one  beine  of  an  opposite  character  ta 

sion ;  and  a  certain  portion  of  the  fluid  those  at  Uie  two  enos,  whieh  are  similar 

will  accordingly  be  transfored  from  the  to  one  another. 

nearto  the  remote  end.    Thebarwill  (Hi:)  Let  us  now  remore  the  mag- 

non  exhil)it  magnetic  properties;    ils  ast;  what  will  happen  to  the  iron  bar? 

near  end  being  undereharged,  will  pos-  The  cause  which  maint^ned  the  mag' 

seas  apolaritj  of  an  opposite  nature  to  netic  fluid  in  the  forced  state  of  excess 

that  of^  the  magnetic  pole  presented  to  at  one  end,  end  of  defloiencr  at  the 

n_;  the  remote  end,  being  overchoixed,  other,  no  longer  operatini;,  the  flnid  wBI 

will  have  a  polarity  of  the  same  bind  as  now  tend  to  resume  its  original  state  of 

tbepoleof  itie  magnet.  uniform  distribution  over  the  whole  mail 

(143.)  A  series  of  changes  exactly  the  of  iron ;  and  if  no  obstacle  axist  In  the 

converse  of  these  will  lake  place  when,  struolure  of  the  iron  to  impede  its  mo- 

instead  of  the    overchai^w  pole,  we  tion,  it  will  immediately  revert  to  that 

present  the  underchai^^  nole  of  the  state.    But  if  the  bur  be  of  steel,  which 

magnet  to  the  bar.    The  reoundant  iron  presents  obstacles  to  the  [Misage  of  the 

now  attracts  the  magnetic  fluid  of  the  fluid,  which  the  foree  derived  Irom  Its 

bar,  and  draws  it  towards  the  adjacent  tendency  to  equable  diffusion  is  insuffi- 

end,  converting  it  into  an  overcharged  cient  to  overcome,  the  fluid  which  had 

pole,  while  the  other  end,  from  which  passed  will  remain  stationary,  and  the 

the  fluid  has  been  drawn,  becomes  the  mduced  magnetism  will  continne  as  at 

underchoTved  pole.  first — that  is  to  say,  the  bar  will  have 

(144.)  The  effects,  however,  do  not  beenoonvertedintoapermaneotmagnet. 

end  here.    The  bar,  thus  rendered  mag-  (146.)  On  the  some  principle  may  be 

netic,  reacts  upon    the  magnet    from  explained  the  effect  of  hammering,  or 

which  it  hod  derived  its  power,  and  tends  any  other  kind  of  meohanical  concus 

to  increase  the  magnetism  it  originally  lion,  in  impairing  the  magnetism  of  a 

possessed.    This  increased  magnetism,  steel  bar;  for  the  tremulous  motions 

m  its  turn,  tends  to  produce  an  augmen-  excited  among  the  particles  will  open  a 

tation  of  the  induced  magnetiam  ot  the  passage  for  the  fluid,  which  will  thus 

bar;  and  these  alternate  actions  and  re-  escape  from  the  situations  where  it  is 

actions  proceed  till  all  action  is  balanced  eondensed,  and  return  to  those  wImr  it 

and  every  thing  remains  quiescenL    In  la  rarefied. 

soft  iron  this  is  accomplislied  almost  in  (147.)  Heat,  aa  we  have  seen,  weak- 


a  moment :  but  in  steel  the  process  is    ens    and    finally    destroya „_ 

somewhat  different;  for  its  texture  powa:;  its  operation  may  m  like  man- 
presenting  great  impediment  to  the  mo-  ner  be  nnderstood,  by  its  oOMsloning 
tion  of  the  magnetic  fluid,  the  changes  the  separation  of  the  partieles  of  iron  t« 
of  distribution  take  place  much  more  a  graater  distance  than  before.  Hence 
■lowly,  and  to  a  less  extent  than  they  do  the  interstices  will  be  enlarged,  and  the 
in  iron.  The  adjacent  end  of  a  steel  bar  obstacles  to  the  motion  of  flie  fluid  will 
soon  acquires  a  degree  of  polarity  oppo-  be  diminished,  or  even  entinjy  removed, 
site  to  uiat  of  the  end  of  the  magiwt  The  ma^pietie  fluid  will  thus  be  enabled 
presented  to  it ;  but  the  polarity  of  the  to  r^^n  its  natural  state  of  nnifonn 
wme  kind  travels  slowly  onwards,  and  difiUsion  among  the  particlea.  But  nt> 
does  not  reach  the  other  extremity  of  depeodently  of  ita  metfianical  imeratioii, 
the  bar  till  oRer  a  considerable  time;  ihereareyetmniy  other  ways  m  which 
^nd  if  the  bur  be  very  long,  may  possibly  heat  may  be  conceived  to  contribute  to 
never  reach  it  the  destruction  of  magnetiam.  It  may 
in  this  last  oase,  we  have  a  curious  change  the  action  of  the  particles  of 
ptaaiomenon  produced  from  the  infln-  iron  on  those  of  the  fluid,  or  of  tbefloid 
•nee  of  a  secondary  induction ;  namely,  on  each  other,  and  by  altering  the  dia- 
the  appeonince  o(  a  second  set  of  poles,  tribution  of  the  fluid  with  respect  to  the 
at  a  certain  distance  from  the  first.  Thus,  particles  of  iron,  may  great^  ^bet  the 
h  pole  has  beta  presented,  the  law  of  adion  between  one  aagnet  and 
end  of  the  bar  will  be  a  south  aitother. 
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(14&)Thiu  fir  do  th«  bell  accord  with 

the  hypotheiis  of  ^pinus,  and  thus  far  ^S-  «!■ 

may  we  admit  thathypolhesistobeaBa-  v^^^^^^^i^^^^^^^mm 

tiafcotory  explanation  oftheae  facta.  But  H^^^^^^^^^^^^^^a 
in  one  impntsnt  application  it  entirely 
hili;  it  doet  not  explain  the  coaitequencea 

that  are  observed  to  follow  on  the  division  .| 

of  a  ma^et  at  the  neutral  poiot.  Theorv  ' 

would  lead  us  to  expect  that  we  should,  at  the  two  cxtremitiM  N  and  S ;  the 

in  thia  case,  obtun  the  difierent  polari-  intermediate    portioni   fonned    by  the 

ties  Mpante,  one  in  one  piece,  and  the  junction  of  the  opposite  poles  n  and  * 

other  m  the  other.    The  fact  we  know  to  baog,  to  all  appearance,  neutral.     Ifthe 

be  totally  different:  each  part  becomes  whet  be  broken  at  any  one  point  as  at 

a  rejralar  magnet  with  two  poles,  one  of  F.  the  two  portions  G  and  H  will  imme- 

whichretuns  the  character  it  had  t«fore  diately  present  the  properties  of  separate 

the  separation.  ma^ets,  and  the  new  poles  N'  and  S' 

Apinus  attempted  to  Temove  this  dif-  bein^  now  separated,  exhibit  their  na- 

ficulty  by  supposing  that,  in  the  act  of  tural  activity. 

ftacture,  a  portion  of  the  fluid  actu-  (isi.)  Accordini;  to  this  view  of  the 

alt^  eKapud  from  the  overchar^  pole,  subject,  the  induction  of  ma^etism  will 

while  another  portion  entered  into  that  consist,  not  in  the  actui)  transference  of 

wliich  was  underchai^,— effects  which  the  magnetic  fluid  from  one  extremity 

he  conceived    might  result    from   the  to  the  other  of  the  iron  bar  which  hu 

sudden  change  in  the  balance  of  mag-  been    rendered    magnetic;    but   in    a 

netic  forces  consequent  upon  the  frao-  change  of  this  nature  taking  place  in 

ture.   But  this  eiplanation,  as  Professor  every  particla  individuallv,  and  by  which 

Bobiton  remarks,  is  far  from  satisfac..  each  particle  is  (inverted  into  a  separate 

tory.  magnet 

(149.)  The  only  rational  mode  of  re-  ,  ,    .»          ^i.     i#       ,■    a  -j 

co^itog  Ihi,  M  «th  He  .ptemor  i  >■  Thmy  ef  1^  Sbs^tc  FM,. 

^pinuB,  is  to  consider  a  magnet  asan  (152.)    The  theory  with   respect  to 

aggregate  of  sm^ll  particles  of  iron,  each  magnetism  which  has  of  late  more  gene- 

oFwhich  individually  has  the  properties  rally  prevailed,  is  founded  on  the  sup- 

of  a  separate  magnet ;  that  is,  has  two  position,  that  its  phenomena  are  occa- 

poles  of  its  own:  the  arrangement  of  uoned  by  the  a^ncy  of  two  magnetic 

these  particles  being  such  that  all  the  Suids,  residing  in  the  particles  of  iron, 

poles  are  disposed  in  a  regular  order  of  and  incapable  of  quitting  them ;  one  of 

alternation;  so  that  in  every  part  of  the  which  fluids  imparts  the  northern  and 

mass  of  iron,  each  poleot  one  particleis  the  other  the  southern  polarity.    Tliey 

incontactwith  the  contrary  pole  of  the  have    been    denominated    respectivi^ly 

next  in  the  series.    Iliese  adjacent  poles  the  Aiulrai  and  Boreal  fluids.      The 

of  course  neutralise  one  another,  with  particles  of  each  of  these  two  kinds  of 

regard  to  their  magnetic  action,  and  it  fluids  attract  those   of  the  other,  but 

i*  onlylhose  which  are  situated  at  the  repel  thoseof  the  same  kind.    When  in 

extremity  of  the  line,  and  which  are  not  combination    with    each    other,  these 

associated  with  any  other,  that  consti-  fluids  are  neutral  and  inert ;  each  bt- 

tute  the  active  pole*  of  the  entire  mag-  coming  active  only  when  separate.    The 

net    Hence  it  is  at  the  surface,  a^  decomposition  of  the  united  fluids  ia 

more  particularly  at  the  extremities,  eflected  by  the  inductive  influence  of 

that  polarity  is  manifested ;  and  hence  eitlier  the  one  or  the  other  when  acting 

when  a  magnet  is  broken  across,  the  independently.     It  is  obvious  that,  as 

fractured  ends  at  once  exhibit  the  oppo-  &r  as  renKis  the  distribution  and  ac- 

■ile  polarities  they  had  before  posseued,  tion  of  the  two  magnetic  fluids  in  each 

hut  which  had  been  maakea  hy  their  individual  particle,  this  theory  is  pre- 

cobeuon.  tdsely  similar  to  that  of  the  two  electric 

(ISO.)  A  pnctKBl  iHnstration  of  thia  fluids,  of  which  an  account  has  been 

view  of  the  sutgect  may  be  afforded  by  ah-eady  ^ven  in  our  Treatise  on  Elec- 

placing  a  number  of  small  ma^^ts  m  Irinty;  it  is  therefore  unnecessary  to 

equal  strength  in  a  line,  with  their  oppo-  pursue  its  development  in  those  partica- 

•ite  poles  in  contact,  as  exhilntal  iny^.  tars,  for  the  re^er  need  only  refer  to 
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Ikous  and   reainous    elMtricities,  will  benutiful  derelopement  of  thii  theory*, 

find  that  all  the  detaili  of  the  electrical  desi^ates  these  ver^  mmnte  spaces  or 

theory  wni  wply  to  that  of  magnetism,  portions  of  a  magnetic  Imdyb;  the  name 

(1S30  But  however  the  laws  of  the  of  the  magnetie  elmientt  ot  thattwd]'. 
theory  of  a  double  magnetic  fluid  may  There  is  also  no  necessity  for  makine 
be  analogoui  or  identical  with  thoae  of  any  particular  supposition  with  regard 
the  theory  of  a  double  electric^  fluid,  to  the  form  or  respective  disposition  of 
their  appUcatioo  is  somewhat  different  these  elements,  provided  we  simply  con- 
in  the  two  cases,  in  consequence  of  the  sider  them  as  iniulated  from  each  other 
difference  of  circumstances  under  which  by  intervals  impermeable  to  either  of 
they  act  The  electrical  fluids,  when  the  magnetic  fluids, 
decomposed  or  separated  from  each  (li5.)  The  Quantities  of  each  kind  of 
other,  are  capable  of  hem^  extensively  fluid  contained  in  every  magnetic  elo- 
transfbrredalontr  the  particles  of  bodies,  ment  must  be  considered,  with  reference 
and  of  being  coUected  and  accumulated  to  all  our  experiments,  and  to  aU  the 
at  the  surftces,  where  they  have  a  powers  we  can  apply,  as  without  limit; 
tendency  to  escape ;  and  where,  if  that  that  is  to  say,  the  forces  we  can  corn- 
tendency  exceed  a  certain  limit,  they  ac-  mand,  in  any  magnetizing  process,  are 
(uaily  do  escape,  either  passing  into  the  never  sufficient  to  exhaust  or  separate 
bodies  in  immediate  contact,  or  flying  the  whole  of  the  fluids.  For,  when  a 
off  through  the  air  to  distant  bodies,  body  is  magnetiied  by  the  inductive  in- 
In  this  manner  each  kind  of  fluid  may  fluence  of  a  neighbouring  magnet,  the 
be  aeparalely,  and  in  any  quantity,  trans-  intensity  of  its  magnetic  state,  as  shown 
ferred  from  one  body  to  another.  No-  liy  its  effects,  increases  without  limit,  in 
thing  of  this  kind  takes  place  with  proportion  as  we  employ  a  ma^et  of 
re^ud  to  magnetism;  the  mimetic  greater  force ;  which,  of  course,  implies 
fltuds  are  never  fomid  to  quit  the  bodies  that  we  have  not  yet  effected  the  decom- 
towhichthey  an  attached, however  small  position  or  separation  of  the  whole  quan- 
thoee  bodie*.  however  intimate  the  con-  tity  of  the  neutral  or  combined  fluid 
tact  with  other  iron,  however  long  the  which  that  body  contains.  In  like  man- 
contact  may  be  continued,  and  however  ner,  we  find  it  impossible  to  separate 
powerfiil  tlie  forces  by  which  the  fluids  completely  the  two  electric  fluids  coit- 
are  impelled.  The  phenomena  conse-  tained  in  mv  particular  body. 
quent  on  the  division  or  ftacture  of  a  (IS6.)  Besides  the  obstacles,  which 
magnet  lead  us  also  to  the  conclusion  apjiearto  be  insuperable,  tothetians- 
thatno  sensiblequantityofeitheraustial  mission  of  the  magnetic  fluids  from 
or  boreal  fluid  is  ever  transported  f^om  one  ma^etic  element  to  another,  there 
one  part  to  another  of  the  same  piece  of  must  exist,  in  the  substance  of  certun 
ironorsteeL  Hence,  in  order  to  accom-  bodies,  some  impediment  of  another 
modate  the  theory  to  these  facts,  we  kind,  which  obstructs  the  motion  of  the 
must  introduce  as  a  new  condition  of  fluids  from  one  part  to  another  of  the 
the  hypothesis  on  which  it  is  founded,  same  magnetic  element.  The  efi^t  of 
that  within  the  substance  of  a  mag-  tbispower, whichisaomewhatanalogous 
netized  body,  the  two  magnetic  fluids,  to  the  force  of  friction,  is  to  arrest  the 
when  they  are  decomposed  by  the  in-  particles  of  both  fluids  in  the  situations 
fluence  of  magnetizing  forces,  undergo  which  they  occupy;  and  thus  to  op- 
displacements  to  an  insensible  distance  [>ose,  in  the  tirst  place,  the  separsr 
only.  tion  of  these  fluids,  and,  in  the  next, 

(154.)    It  is  not  necessary  to  deter-  their   return  to   the    situations   from 

mine    whether    the   extremely    small  which  they  bad  been  displaced,    and 

spaces,witlunw)uch(hesedisplacements  where  they  would  unite  to  recomposek 

and  motions  of  Uie  magnetic  fluids  are  neutral  fluid.    This  force  is  termed,  by 

restricted,  be  actually  the  same  as  the  Poisson,  the  eoereive  force.  In  soft  iroa 

spaces  occupied  by  the  constituent  mole-  the  coercive  force  is  either  wanting,  or 

culea  of  the  iron ;  it  it  sufficient  for  the  is  extremely  feeble ;  in  steel  and  m  the 

purposes  both  of  theory  and  of  thecal-  loadstone  it  is  veiy  energetic;  and  it 

culat ions  founded  upon  thattheory,  that  exists  in  various  degrees  of  intensity  ia 

they  be  extremely  small  in  comparison  ' ' 

»ltl,  lh.,h.k,olum.  of  Ih.  M,  or  ^'iSZSS^£.':SS,Tim 

even  With  the  SDuilen  duneiuunu  tiiat  UMAiia>i»daciiiBii<,wiiKii<..i>.ii3! 


38  UAGNBTISU. 

diffierent  fundi  of  iteel-  This  coercive  '  u  we  have  juct  wen  «iem)dtfied  in  Ub 
foree.  vhich  nirts  in  iron  with  regard  cue  of  the  nmple  fllunenL  Thew 
to  the  mignetie  fluids,  ii  analogoun  in  lines  or  fllamenl*  wi]I.  in  general,  be 
■U  reipects  to  the  rewstance  which  curved ;  the  nature  of  the  curva^rM 
dau,  Tesin,  and  other  non-conducting  depending  on  the  form  of  the  body,  and 
bodiei.  preient  to  the  pBMige  of  the  on  the  external  forcei  which  aot  on  th« 
dectric  fluids  through  their  substance,  two  fluids.  They  are  termed  by  Poisaoi 
Having  thus  established  the  founda-  line*  of  magnetisation,  and  m».j  be  wm- 
tions  of  the  hj^thesis  of  a  double  ma^-  sidered  as  constituted  by  series  ot  mtf  • 
netic  fluid  adopted  to  the  particular  cuv  netie  elements,  following  ona  anothsr  a 
cumstaoces  of  t^e  case,  we  muat  next  en-  the  same  regular  consecutive  order  of  p^ 
deavouT  to  ascertain  precisely  the  distn>  lar  arrangemeDt.  WehaTetodctcrauBa, 
bution  of  the  austral  and  boreal  fluids  in  then,  for  each  point  of  the  body  whiA 
magnetiied  bodies,  conformably  with  b  thetofaiectof  inTeatigatiravthiedirM- 
theBe  principles ;  and  afterwards  exa-  tbn  of  the  line  of  nugnetixation,  whid 
mine  the  nature  of  their  combined  ac-  is  also  the  line  of  pobrity ;  and  the  ae- 
tions  upon  bodies  at  a  distance.  tion  of  the  nisgnetie  element  on  aay 

(IS7.)  For  this  purpose,  we  may  flrat  other  point  given  in  position,  nthor 
take  the  simpler  case  of  a  cylindrical  within  or  without  the  body.  This  action 
needle  of  soft  iron,  of  rety  small  dim-  is  the  difference  of  the  forces  exerted  by 
nieter,  and  of  any  given  length,  as  re>  the  two  fluids  contained  in  the  element, 
presenting  an  elementary  longitudinal  arising  from  the  slight  separation  <rf 
filament  of  that  metal.  Tn  the  natural  the  austral  and  boreal  particles,  which 
state  of  the  needle,  the  two  fluids  it  constitutes  the  state  of  [x^ty.  It  maf 
contuna  are  united  in  equal  proportions  exdte  surprise  that  force*  d^Moding  oa 
throughout  its  subilance,  so  that  their  such  small  differential  distance*  h 
actions,  being  equal  and  opposite  at  those  of  the  two  centres  of  austral  and 
all  distances,  totally  destroy  each  boreal  forces  in  each  mfgnet'^l  elemMtt 
other,  and  no  sign  of  magnetism  is  ex-  should,  nevcrtfaeleas,  be  capable  of  rar^ 
hibited.  If  we  next  suppose  these  Adds  ducin^  mechanical  effesta  so  oonitde- 
to  be  sul^ected  to  the  action  of  mag-  rable  as  those  exhibited  by  the  magnetio 
net izing  forces,  proceeding  from  one  or  attractions  and  repulsions  of  bodtea.  By 
more  centres,  situated  in  the  line  of  the  applying  to  the  subject  the  methods  ot 
axis  of  the  needle  produced,  these  analytii»l  investigation,  Poisson  arrived 
forces  will  now  cause  the  fluids  to  »epa~  at  tiie  conclusion,  (hat  the  result  of  the 
rale  from  each  other ;  but  each  particle  action  of  all  the  magnetical  elements  of 
of  austral  or  boreal  fluid  can.  by  the  hy-  a  magneliied  body  is  a  fotca  equivalent 
potbesis,  move  only  a  very  short  distance  to  the  action  of  a  very  thin  stntun,  oo- 
frcm  its  primitive  situation;  and  the  vering  the  whole  luritoe  of  the  body* 
twofluids,  in  their  new  arrangement,  and  formed  of  the  two  fluids,  the  wutial 
win  succeed  each  other  alternately,  and  the  boreal,  occupying  diferent  parts 
throughout  the  length  of  the  needle,  of  it.  We  have  a  similar  instance  in  the 
which  will,  accordingly,  be  divided  into  ease  of  electrical  attractions  and  rspul- 
verv  small  portions,  composing  a  series,  sions  of  mechanical  effieeta,  aametimaa 
each  part  of  which  will  contain,  as  it  did  verv  powerful,  being  prwluced  by  stratft 
in  the  neutral  state,  the  tvio  fluids  in  of  fluids  collected  at  the  surfiwea  of  con- 
equal  quantities.  The  united  actions  of  ductors.  and  having  a  thickneaa  so  ex- 
every  particle  of  decomposed  fluid  in  ceedingly  minute  as  to  be  ioappreciable 
this  series  upon  a  particle  of  magnetic  1^  any  of  our  senses.  As  these  observed 
fluid  in  any  particnlar  situation,  compose  effects  of  the  two  magnetic  agents  reault 
a  resultant  force,  the  intenutv  and  di-  only  from  the  di&KiMes  of  two  oon- 
rection  of  which  remain  to  be  detet-  trary  powers,  we  can  form  no  estimate 
mined  by  the  ^)[Aication  of  mathemati-  of  the  real  magnitude  of  the  foreea  ha- 
Cal  analysis.  longini  to  each  s^Mu^e  power,  that  ii, 

(198.)  We  may  now  proceed  to  cod-  to  each  of  the  two  portions  of  austral  or 

fider  the  more  complicated  case  of  a  boreal  fluid  belongmg  to  the  same  BMg- 

magnetiied  body  of  indeterminate  form  netie  element ;  bid  can  only  infM-  lut 

and  dimensions.  Attention  must  here  be  they  are  incomparably  greater  than  the 

paid  to  the  hoes  or  directions  in  wtuch  resultmg  fbrces  which  are  actually  in 

me  separation  of  the  two  fluids  takes  opervlioo,  and  of  which  wc  witneu  the 

place  ttiroughout   its   substance,    and  effects. 

bawhMh  O^M*  anwRed attamate^,  (199.)  iDtbanenMir  flo  tbiTimr' 
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o(  Mrh^uoi,  tiietdj  retered  to,  H,  Account,  it  will  then  be  auffioimtfaT  ll)e 

Foisson  deduces,  from  the  theory  above  magnetic  equilibrium  that  the  resultant 

alaled,  the  analytical  equations  which  of  all  the  exterior  and  interior  force*, 

express,  for  ail  possible  cases,  the  laws  aclins  upon  any  point  of  the  body,  no- 

of  the  distritiution  of  magnetism  within  where  exceeds  the  given  magnitude  of 

bodies  that  are  rendered  matrneticHl  by  the  coercive  force:  so  that,  in  this  case, 

induction,  and  those  of  theBctions,whe-  the  equilibrium  may  take  place  in  an 

ther  attractive  or  repulsive,  which  they  infinitude  of  difFerent  ways,  and    the 

exert  on  points  eiven  in  position.     The  problem  is,  in  this  respect,  wholly  ind^ 

first  problem  to  be  resolved  is  to  reduce  terminate.    This  indeterminatenesi  is  a 

the  resultants  of  all  the  attractions  and  source  of  considerable  difficulty  in  the 

repulsioni  of  the  ma^inetic  elements  of  resolution  of  questions  of  this  natm% 

a  magnetized  body,  of  any  imaginable  The   following    general    consequence, 

form,   on   such  points,   situated  either  however,   may  be  deduced    from    tha 

within  or  without  the  surface,  to  three  equations    of     magnetic    equilibriuin 

directions  at  right  angles  to  one  another,  formed  in  the  manner  above  oesoribed ; 

By  adding  lo  the  resultants  which  relate  namely,  that  although  in  a  solid  body, 

to  any  interior  point  those  of  the  ex-  magnetized  by  induction,   the   austral 

temal  magnetic  forces  which  act  upon  and  boreal  fluids  are  distributed  in  ao 

the  body,  he  obtains  the  whole  force*  active  state  throughout  the  whole  masa 

which  tend  to  tepuate  the  two  fluids  ofthat  body,  yet  the  attractions  and  re- 

that  are  miiled  at  that  particular  point  pulsions  which  it  exerts  externally  art 

Were  the  matter  of  the  body  to  oppose  precisely  the  same  as  if  they  proceeded 

no  sensible  degree  of  resistance  to  the  from  a  very  thin  stratum  of  each  fluid, 

displacement  of  the  fluids  in  each  mag-  occupying  the  surface  only,  both  fluids 

netjc  element,  or,  in  other  words,  if  there  being  in  equal  quantities,  and  distributed 

were  no  coercive  force,  it  would  be  ne-  in  si^  a  manner  as  that  their  total  ao- 

oeisary,  in  order  that  there  might  be  an  tion  upon  all  the  points  in  the  interior 

equilibrium,  that  the  attractions  and  re-  of  the  body  is  equal  to  nothing.     If  the 

pulsions  shoulddeslroyone  another ;  or,  body  be  hollow,  or  contain  an  empty 

speaking  algebraically,  that  their  sum  apace  within  it,  and  if  the  centres  from 

should  be  equal  to  zero ;  since,  if  any  of  which  magnetic  forces  proceed  he  situ- 

them  were  uncompensated,  they  would  ated  within  this  space,  the  body  must 

effect  a  newdecompositiun  of  the  neutral  be  considered  as  twminated  by  two  thin 

fluid,  which  may  be  regarded  as  inex-  strata  of  fluid,  situated,  the  one  on  the 

bauilible,    and  the  magnetic  state  of  external,  and  Ihe  other  on  the  internal 

the  twdy  would  be  altered.    The  sum  of  aurface;   and  the  action  of  these  two 

tbe  resultants  must,  therefore,  be  made  strata  on  any  point  within  the  substance 

equal  to  lero,  wilhrespect  to  each  of  the  of  the  body,  joined  to  that  of  all  the 

three  rectangular  directions   to  which  given  centres  of  magnetic  action,  must 

th^  are  referred.     The  equations  of  produce  a  perfect  etiuilibrium;  and,  in 

equilibrium,  thus  formed,  will  always  be  this  case,  the  two  fluids  may  be  in  difie- 

posaible,  and  ttie][  will  serve  to  deter-  rent  quantities  in  each  of  the  thinstrata, 

mine,  for  each  pdnt  of  a  magnetised    provided  Ihr'  "-   ■  ' ' -^  ' 

body,  the  three  unkoown  quantities  quantities  i 
wliich  they  comfR^hend ;  namely,  the  together. 
intensity  of  tlie  action  of  a  msgnetioele-  (161.)  Thus  it  appears,  that  the 
ment  on  a  nven  point,  and  the  two  an-  theory  of  magnetic  attractions  and  re- 
gies which  determine  the  corresponding  pulsions  is  reduced  to  the  same  princi- 
directitm  of  the  line  of  polarity.  At  the  pies,  andleads  to  the  same  formula,  aa 
extremities  of  each  element,  these  joint  the  theory  of  electric  forces  in  conduct- 
resultants  will  not  vanish ;  they  will  iog  bodies ;  and  the  perfect  correspond- 
give  rise  to  pressures  from  within  each  ence  between  the  two  may  be  illustrated 
element,  tuidmg  outwards,  and  counter-  in  the  following  manner.  We  may  sup- 
balanced  t>y  the  obstacle,  of  which  the  pose  an  aggr^ate  mass  composed  'of 
nature  is  uoknowD,  but  which  opposes  minute  groins  of  metal,  or  other  oon- 
Um  passage  of  the  fluid  from  one  ele-  ductor  of  electricity,  each  grain  being  of 
ment  to  another,  and  also  its  escape  from  so  small  a  siie  that  its  dimenaons  may 
tbe  surface.  be  neglected  in  comparison  with  the 
(lED.)  When  the  coercive  force  of  whole  moss,  and  each  oebg  sumiunded 
the  magndiied  body  is  also  taken  into  by  a  sut»tance  impermeable  to  eUctri- 


iiized  by  Google 


4tt  HAGNSTtSH. 

aHj,  but  not  wnsiblT  adding  fo  tti  bulk,  tnined  in  thi>  eaM,  it  apptan  that  aL 

Oabringiiuabodytnutconslitutedneu'  though  the  ma£:netism  u  by  do  meani 
an  eleclrified  body,  every  one  of  the  confined  to  Ihe  superficial  strata  of 
graina  would  imm^JBtel^  become  elec-  the  sphere,  and  althoui^  its  intensity 
tricatbyinductioni  and, inthiieondition  may  be  determined  for  an;  parlicular 
of  the  body,  it  has  been  mathematically  pointof  theiolidmassof  the  shell,  yet  the 
iwoved  that  the  attractions  and  repiilsbni  ma^itude  of  the  three  component  forcei 
which  the  body  would  exert  extemnlly,  produced  by  it  is  wholly  independent  of 
would  be  the  same  with  those  of  a  ho-  the  thickness  of  the  shell,  and  is  deler- 
mogeneous  conducting  body  of  the  same  mined  only  by  Ihe  radius  of  the  external 
form  and  sue,  subjected  to  the  same  ex-  surfad,  and  b^  the  co-ordinates  belong- 
temal  forcesr  although,  in  the  latter  ing  to  Ihe  position  of  thepointonwhich 
caae,  the  two  electric  fluids  would  be  the  forces  act.  When  the  distance  of 
transferred  to  the  opposite  estremilieit  this  point  from  the  centre  of  the  sphere 
of  the  body,  while,  in  the  former,  they  u  very  freat,  compared  with  theradiun, 
would  be  obliged  to  reniain  in  the  con-  each  of  Ihe  three  forces  is  very  nearly  as 
stiluent  masses  to  which  they  originally  the  culie  of  the  radius  directly,  and  ta 
belonged.  An  electrical  body,  consti-  the  cube  of  the  distance  inversely.  We 
tuted  in  the  manner  here  supposed,  pre-  shall  have  occauon,  in  a  future  chapter, 
■Mits  us  with  a  disposition  exactly  anato-  to  notice  the  remarkable  coincidence  of 
gous  to  that  of  a  magnetical  body ;  and  the  results  of  observation  with  the  de- 
is  therefore  calculated  to  give  ua  a  very  duclions  from  this  theory,  affording  a 
distinct  idea  of  the  distribution  of  the  very  important  confirmation  of  the  ac- 
niignetic  fluids  when  that  body  is  mag-  curacy  both  of  the  analgia  itself,  and  of 
neiized.  The  electricity  inherent  in  the  the  theory  from  which  it  is  derived. 
ourmaline  appears  to  lie  diiiposed  in  the  (164.)  In  a  subsequent  memoir*,  M. 
manner  above  described ;  and  this  stone  Pnisson  extends  his  researches  so  as  tn 
accordingly  affords  an  excellent  illus-  obtain  a  more  diversified  comparison  of 
tration  of  the  hypothesis  under  our  con-  the  theory  with  the  phenomena;  and 
nderation.     See  Eleclricity,  J  197.  with  this  view  resolves  the  general  cqua- 

<I62.)  Another  general  consequence  tioni  he  had  before  established,  in  the 

of  the  theoiT  is,  that  a  magnetic  needle,  case  of  bodies  having  forms  less  simple 

placed  in  the  interior  of  a  hollow  sphere  than  that  of  the  sphere.    Such  a  resolu- 

ofsofl  iron,  and  so  small  as  not  to  exeit  tian,  however,is  attainable  only  in  a  very 

any  sensible  influence  on  the  sphere,  will  limited  number  of  cases,  of  which  the 

not  be  subject  to  any  magnetic  action  elliptic  spheroid  is  an  example.    After 

from  a  magnetic  force  proceeding  from  giving  the  formulee  relating  to  a  spheroid 

B  point  external  to  the  sphere ;  or,  in  of  wmch  the  axes  have  any  ima^nable 

other  words,  all  magnetic  action,  whe-  relations  to  each  other,  he  particularly 

ther  of  the  earth  or  of  any  number  of  considers  the   two  opposite  cases  of 

magnets    placed    without    the    hollow  spheroids  extremely  flattened  and   ex- 

K)bere,  will  be  completely  intercepted  by  tremely  dongated.    The  former  may  re- 

tne  sphere  with  reference  (o  all  msgnetic  present  a  plate,  of  which  the  thickness 

bodies  contained  in   its  interior.    And  varies  very  slowly  near  the  centre,  and 

conversely,    such    hollow    sphere  will  decreases  from  the  point  to  Iheciicum- 

totally  prevent  the  action  of  a  magnet  ference ;  for  its  action  on  points  near  its 

placed  within  it  from  being  exerted  on  centre  must  be  sensibly  the  same  aslhat 

any  body  placed  without  the  sphere.  of  any  other  plate  of  uniform  thickness 

(163.)  The  formula  derived  from  this  and  of  very  great  extent.    The  latter,  or 

theory  have  been  applied  by  Poisson  to  the    extremely  elongated   spheroid,  ap- 

anotber  case,  which,  as  we  shall  after-  preaches  very  nearly  to  Ihe  form  of  a 

wards  find,  is  one  of  considerable  prac-  needle  or  bar,  of  which   Ihe  diameter 

tical  importance  in  navigation,  namely,  decreases  from  the  middle  to  the  extre- 

that  of  a  hollow  sphere  of  iron,  magnet-  mities,  varying  at  first  very  ^wly  ;  and 

ized  by  Ihe  influence  of  the  earth,  Ihat  its  action  on  points  near  its  middle  can 

is,  by  the  action  of  a  force  of  wliich  the  difiW  but  little  from  that  of  a  bar  of 

origin  is  very  remote,  and  which  mav,  which  the  diameter  is  constant,  and  very 

therefore,  be  considered  as  uniform  in  small  in  proportion  to  its  length.    Tn« 

magnitude,  and  acting  in  parallel  direc-  consideration  of  these  three  cases,  which 

lions  on  ^  the  points  of  the  body  in  readily  admit  o(  the  application  of  the 

question.     From  the  resolution  of   Ihe  analytical  forrauln,  is  of  considsabla 
equaUoni  of  magnetie  equilibrium  ob-  •  Knwiro  ds  l■lDUlu^  ton  t.,  p.  to. 
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importance,  u  they  allow  ot  a  itrict  (167.)  ProfeMOrPrevast,  of  Geneva*, 
companMii  of  the  rcaulU  of  erperitnent  baa  laboured  to  frame  a  theoi^  of  mag- 
with  the  deductions  from  theory ;  and  netism  which  shall  dispense  with  all  at- 
the  accurate  accordance  which  has  been  tractive  or  repulsive  agendes,  and  in 
ot>taiiied  between  tbem,  in  every  instance  which  aU  fhe  phenomena  shall  be  re- 
in which  such  a  comparison  has  btm  solv^le  into  the  effects  of  impulsion. 
inatitnted,  affords  the  strongest  evidence  For  this  purpose  he  admits  two  ma^nielie 
of  the  correctness  of  the  views  on  which  fluids,  each  giving  its  respective  polarity 
that  Iheon  is  founded.  to  the  two  ends  oil  a  magnet,  and  neiv> 
(16S,)  It  has  already  been  ohyerved  tTaliiingeachotherbycombination;  but 
that  we  have  no  data  for  determining  adopting  the  hypothesis  of  Le  Sage,  as 
the  question  as  to  the  siie  of  the  mag-  to  the  existence  of  another  infinitely 
netie  elements,  compared  with  that  of  more  subtile  fluid,  pervading  all  space, 
the  constituent  molecules :  we  know  not  and  giving  rise  by  its  inconceivably 
whether  they  are  coincident  with  these  rapid  movements  to  all  the  phenomena 
molecules,  or  whrther  they  occupy  only  of  gravitation,  cohesion,  and  diemical 
the  interstices  between  the  molecules:  aUraclion,  he  supfmses  the  magnetic 
neither  can  we  determine  whether  they  fluids  themselves  to  be  set  in  motion  by 
do  not  actually  comprehend  certain  de-  this  primary  and  universal  agent.  But 
finite  aggregates  of  molecules,  or  whe-  it  would  be  impossible  in  this  place  to 
ther  they  an  constituted  in  the  intervals  enea^^  in  the  development  of  so  abstruse 
of  these  amegates.  AU  that  we  can  and  complicated  a  system  as  this. 
Ite  eertun  of  is,  that  the  sum  of  ell  the 

raaKiKtic  dements,  added  to  the  sum  of  Chaptbr  V. 

all  the  unmaenetio  elements  (that  is,  the  „_,    .     ,       ..        .  ..,.,„ 

■paces,  whe%er  occupied  by  matter  or  ^e*****  <if  »»«*»*  ArfJIaal  Magrx^U. 

'^^"^''^u'"''"?^*''^.'"/",'^'^''  «  1-  General  PrindpUi. 
must  together  make  up  the  total  nppai-  '^ 
rent  volume  of  the  body  under  conside-  (lS8.)TnB  art  of  commimicating  mag- 
ration.    Now  the  ratio  between  these  neticpowertobodiescapableofretaining 
two  sums  may  vary,  not  onl^  in  difi^rent  it,  is  founded  on  the  proper  u)p|ication  of 


kinds  of  bodies,  but  also  m  the  same  the  prindplea  already  exp&med;  and 
body,  in  different  circumstances.  It  thepracticBlresultsof  e:q>eTiencein  this 
may,  for  instance,  be  very  materially  af-    art  have,  as  might  be  expected,  fumisbed 


fected  by  changes  of  temperature ;  and  some  of  the  most  interesting  illustra- 
this  oonaideralMn  will  probably  fuminh  tioni  of  the  theory  of  magnetism.  We 
a  key  to  the  explanation  of  many  of  the  have  seen  that  acquired  magnetism  of 
anomalous  ^ipearaiieeswe  have  already  every  kind,  whether  temporary  or  per- 
had  occasion  to  notice  in  $  49.  inanent,  of  which  the  origin  can  be 
(166.)  The  hypothesis  ot  two  mag-  traced,  ha*  been  derived,  by  induction, 
netic  fluids  was  first  propounded  by  from  a  similar  power  already  existing  in 
Wilke  and  Brugmann ;  but  Uie  first  real  some  other  body.  In  this  respect,  then, 
foundations  of  the  theory  were  laid  by  it  differs  from  electricity,  which  may  be 
Coulomb,  who,  hj  the  exercise  of  sin-  elidted  from  bodies  all  of  which  were 
gular  perseverance  and  sagacity,  pre*  previously  in  a  neutral  state,  by  a  variety 
pared  and  established  all  Uie  physical  of  processes  either  of  a  mectianical  or 
principles  upon  which  it  rests.  It  has  chemical  nature.  But  the  body  which 
recently  occupied  the  attention  of  Pois-  is  the  cause  of  magnetism  in  another 
■on,  and  appears  to  have  received  its  body  must  itself  be  in  an  active  state  of 
last  finish  from  his  masleriy  hand ;  for  magnetism,  and  may  be  either  a  magnet, 
by  applying  to  it  the  refinements  of  mo-  whether  natural  or  artificial,  or  else  it 
dem  analysis,  this  (tistingiiished  mathe-  must  be  the  globe  of  the  earth  itself;  it 
matician  has  succeeded  in  discovering  is  therefore  tiighly  probable,  that  the 
formulas  which  represent,  numerically,  magnetism  of  the  earth  is  the  original 
all  the  principal  phenomena  of  the  so-  source  of  all  other  magnetism,  lliia 
ence,  even  in  their  minutest  details,  and  view  ot  the  subject  excludes,  of  course, 
which  furnish  us  with  a  ready  and  con-  all  consideration  of  eleehro-magnetic  in- 
sistent explanation  of  the  physical  mode  fluence,whtch  belongs  to  another  divisicm 
by  which  they  are  produced.'  of  thescienoe,hereafter  to  be  treatedof. 
It  will  then  be  shewn  that  electricity  in 

•  A  jKipolu  view  ef  th<i  ihtorj  li  ftTtn  by  Blot, ■ 
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motion  if  a  source  of  mignetism,  snd  r«ap«ct,  iboidd  b«  profidid.    We  ham 

that  itron^c  grounds  exist  for  the  belief,  •Iremdy  teen  that  a  certain  dtgne  c4 

that  even  the  magnetism  or  the  earth  hai  magnetism  ma;  begiven  to  each  of  tbwe 

its  origin  in  electric  currents  (orcuiating  ban  bv  a.  few  blows  with  a  hammer, 

round  (he  equatorial  regions.  while  the^  are  held  in  a  vertical  poaitiMi 

In  giving  an  account  at  the  methods  ((6).  This  efiiect  results,  as  we  have  mlao 

of  procuring  artificial  magnets,  we  shall  seen  (^  1U7),  from  the  direct  indactiTB 

b^in  with  those  which  depend  solelv  ott'  power  of  the  euth.    But  the  t&eftcj  of 

this  source  of  magnetic  power,  and  wnich  this  power  will  lie  veir  coniiderablj  in- 

would  enable  u*  to  obtain  them  if  we  creased,  if  it  be  oombined  with  th*  in- 


!  unprovided  with  any  instrument    ductiva  influence  of  other  w 
ioualymagnetized.  placed  near  it,  or  in 

<IS9.)  The  Bueoess  of  every  plan  that    withstanding  the  it 


can  be  put  in  practice  for  obtaining  adds  to  the  effect,  derives  its  uwn  power 

magnet*  muitdependon  two  circum-  from  the  same  source,  namely,  the  ma«- 

stanee*:  flnl,  the  efficacy  of  the  indue-  netisra  of  the  earth.  Ilius,  Mr.  Scorea^ 

tioii;  and,  secondly,  the  fixation  of  the  found  Ihat  a  sleel  bar  which  acquired  k 

magiirtifm  that  has  been  induced.  That  feeble  magnetism  hf  being  hammered 

(]nality  end  temperament  of  steel  which  vertically  when  resting  upon  stone  or 

i(  moet  &vourawe  to  the  former,  is  least  pewter,  received  a  conaSerable  aoceasion 

favourable  to  the  tattOT  of  these  ol:^ta;  of  power  when  sutgeoted  to  the  saiM 

but  varioua  methods  may  be  devised  degree  of  hammering  while  it  waa  placed 

which  shall  answer  both  tbeseintentions.  upon  a  parlour  poker,  also  kept  in  aver- 

The  particular  purposes  intended  to  be  lic&l  positiaa    The  poker,  undar  theae 

answered  by  the  magnetic  inntniment  we  circumstances,  became    strongly  msg- 

are  conitructiDg,  will  frequently  deter-  netic,  and  in  this  state  exnted  upon  the 

mine  our  preference  of  one  (w  other  of  bar  a  much  more  powerfiil  indu^rve  in- 

these  methods,  as  well  as  guide  us  in  the  fluence  than  (he  earth  alone  could  have 

choioe  of  the  material  to  be  uaed,  and  of  done.    Hence  the  magnetism  of  an  iron 

the  form  and  dimensions  to  be  ^ven  bar,  although  temporary  and  dependent 

to  it.  on  position  alone,  may  serve  as  a  very 

(170.)  Magnetismismostreadilyeom-  important  auxiliary  in  the  development 
munieated  to  an  nnmagnetic  bar  of  iron  ot  the  magnetism  m  steel  bars,  which  ia 
or  ateel  1^  means  of  oertain  combine-  capable  of  being  permanently  retained, 
tions  of  steel  ban  alrnady  magnetised  'Hiis  ii,  in  fact,  me  great  pnnciple  on 
to  saturation,  which  comlnnations  may  which  the  art  <^  nuking  artificial  mag- 
he  regarded  as  highly^aiged  magnetic  nets  of  high  power  is  founded, 
batteries  reedy  br  aetion,  and  oapiJite  (173.)  The  effect  of  the  auxiliary  iron 
of  exerting  a  powerfiil  influence,  in  in-  bar,  or  of  the  pokv  uaed  in  the  above 
dueing  magnetinii,  on  all  the  iron  m  experiment,  is  greater  in  proportion  as 
their  vicini^.  But  an  uiparatus  of  thi*  it  is  longer ;  but  as  it  would  not  be  con- 
kind  cannot  at  all  times  (w  commanded,  venient  to  employ  a  bar  of  iron  b^ond 
nor  can  it  at  once  be  constnicled  :  it  a  certain  lengUi,  Uie  magnetjiing 
must  be  the  result  of  a  long  preliminary  may  be  continued  by  the  aid  ol 
process,  of  which  the  object  is  to  impart  more  powerful  auxibaty,  namely,  very 
to  each  single  bar  additional  quantities  long  bars  of  strft  steel.  Mr.-8core$by 
of  magnetism,  until  it  has  acquired,  by  pDvided  himself  with  two  bars  of  this 
gradual  iteps,  the  full  measure  it  i*  description,  thirty  inches  long,  and  one 
capable  of  retaining.  We  shoK  first,  inch  broad  )  and  also  with  a  large  barof 
then,  pmnt  out  the  methods  of  mag-  soft  iron.  This  iniu  bar  was  first  ham- 
netiring  those  bars  which  are  to  com-  meted  in  a  vertical  positioa.  It  waa 
pose  tlM  apparatus  or  battery  just  men<  then  laid  onthegrouna,  with  its  acquired 
tioned.  south  pole  towartls  the  south,  and  upoa 
i  2.  Method  by  Peraurion.  *"*  ^  "I."  *^  ^  steel  bars  were 
'  msdetorest  while  they  were  hamm«^; 

<17I.)  The  most  advantageous  form  they  were  also  hammered  upon  each 

for  the  steel  Lwrs  that  aie  to  be  employed  othw.    On  the  summit  of  one  of  the 

for  this  purpose,  ia  Ihat  of  «  rectangular  large  steel  bars,  each  of  the  small  bars 

prism,  of  wEiich  the  length  is  about  ten  (which  were  eight  inches  long,  and  hall 

limes  the  breadth,  and  about   twenty  an  inch  broad),  held  also  vertically,  was 

liinea  Ibe  thickness.    Six  or  ei^t  ban  hammered  in  succession.     In  a  few  mi- 

oi  this  kind,  and  of  equal  siie  m  evei^  nutes  th^  bad  all  icceired  onniito  sHt 
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nugiwtui  poww.  He  than  lud  recoune  meter  end  it  u  more  difhised  and  Iban- 
to  other  metboda,  of  which  we  are  pre-  fore  ten  energetic.  TUs  ineqnalitT  ii 
lenUv  lo  ipealc,  for  stiU  further  iacreu-  in  a  great  measure  remedied  by  eni- 
ing  their  power,  till  they  were  laturated  ploying  two  magnets  of  u  nearly  equal 
with  magnetism.  power  aa  poniUe,  with  their  diiiimiki 

(.73.)  It  may  here  be  remarked,  that  poles  fronting  each  other,  and  placiMt 
in  thia.  as  well  ai  in  ertry  other  method  the  needle  to  t>e  magnetiied  in  a  itoe 
forprocurinic  artiflcial  magnets,  we  ad-  between  them  j  as  ahown  in  Jig.  43. 
vanee  only  by  successive  steps,  gaining 

a  little  actional  power  by  eadi  sue- ^g-  *^- 

oeasful  process,  and  employing  that^^^HKBfr"'"— ■^■^■HB 
which  has  l>een  acquired  by  one  bar    --„  .«•».»     .       ■.  ,■    .,       . 

in  contributing  to  the  increase  of  ,  *°"'^  of  wch  a  combination  is 
the  power  of  another;  while  thia  in  fi",*?!  """^  J*!?"  ^wice  as  great  as 
its  turn  gives  u«  the  means  of  ra-  '™^  each  of  the  magnets  when  em- 
acting  upon  the  itO.  ThU  we  an  P'^^^  ^P^ly-  U  is  dSoult.  however, 
enabled  to  do  in  consequence  of  the  re-  ^'^j  ™  «'*7  precaution,  alwaya  to 
mailable  circumstance  attending  the  in-  "?'"  ?™  aupennduction  of  consecutive 
duction  of  magnetism.  andtTilaiich  we  P<»^  ">  the  mtermediate  parts  of  the 
have  already  advated  (}  23J,  namely,  1ril\  -™.  •  .  , 
that  the  power  of  the  magnet  which  ex-  -iilry  .""'  F^cple  we  have  aheady 
dtes  magnetiam  in  another  body,  U  it-  "c^  *"'  "'  ""*  "«=«"e  of  power 
self  increased,  instead  of  being  diminish-  ""^'>  »  magnet  acqmrea  by  inducing 
«d,  by  auch  ^citation.  Hence,  by  pro-  """^nehsm  on  other  bodies,  mai-  here 
per  management,  the  power  of  the  aeve-  !K*™  °*  »«>'•«'  m  augmenting  the  in- 
ral  parts  of  the  apparatus  is  capable  of  """"^  *^™  magneU  we  employ  in  the 
eoiinual  increase,  Umited  only  by  P!!!T"«  T^  If  a  long  bar  of  soft 
their  cwaeity  for  receiving  and  retain-  !?™  "  '«""«  t.i  each  of  the  poles  of 
ing  magnetism.  ""^^^  magnets  which  are  most  distant 

(1 M.)  After  having  in  this  way  mag-  ^^  the  needle  to  be  subjected  to  their 
netiied,  by  the  help  of  terrestrial  mag-  '**''"'  '*'*  po^wof  the  magnets  wiU  be 
netism,  a  certain  number  of  steel  bars,  P^fy«ugmented.  A  more  convenient. 
we  may  proceed  with  tliem  in  imparting  ?"?  P™P"  equally  efficacious  method, 
magnetiam  to  others;  and  being  thus  ""  Pl««''™  n»agnet» 4  and B, parallel 
provided  with  a  stronger  power,  may,  in  "*  *"^  *''™f  WT-  ").  while  the  small 
our    subsequent    operations,    dispense  Pt^  44 

with  that  which  we  Bad  at  first  em-  ^' 

ployed. 

$  3.  Method  bg  timpU  Jaxb^otitiott. 

(171.)  Simple  induction  by  jnxtapo-  „ 

attion  with  one  or  more  powerful  mag-  ^      ri  .   v  ,-     .   ■    - 

nets  may  suffice  for  the  impregnationif  '*^.Xv'''r  magnetiied,  is  m  content 

Tarysmil!  magnets.    But,  for  this  pm-  "J  ^e  two  dissimjlar  poles  at  one 

poii,ilisnotBufficienttopIacethel8tttt  ^"^l  *"?  ">  ,'^"»?.«xwe«t  the  other 

moontact  with  one  of  the  poles  ofa  ™d  by  a  bar  of  aoft  min,  B.     Thisbar 

magnet,  in  the  manner  repreWled  in  l^"?"  '?'"'K'A  f^S^^'^'^    by  the 

thTfoltowiiig   figure    (fig.   Vi);    be-  J?'"' ■'"»'«'»'?"  of  bo*  the  magnets,  and 

°  "         ' '  the  macnetism  it  thus  acquires  reaoti 

Fig.  42.  powerfully  m  strengthening  the  magnets 

^^^^^^^^^^^^^  themselves ;  and  the  needle  which  con- 
nects their  other  poles  participates  in 

cause,  although  the  small  bar  or  needle  this    augmenlation   of  effect.      Theae 

becomes  magnetic  by  remaining  a  suffi-  auxiliary  pieces  of  soft  iron,  which  aerra 

dent  time  subjected  to  the  influence  of  to  retain  and  concentrate  the  magnetism 

the  large  magnet,  yet  we  find  that  its  of  steel  bars,  are  called  armature*. 
twoendsdo  not  exhibit  a  magnetism  of       (177.)  Were  the  theoryof.iGpinus,iii 

equal  strength.    That  which  has  been  in  its  original  form,  perfectly  correct,  no- 

cootact  with  the  magnet  appears  to  be  thing  more  would  be  required  for  im- 

the  most  powerful,  in  consequence  of  its  pr^nating  steel  bars  with  all  the  mag- 

magnetisia  being  more  concentrated  at  netism  they  are  capable  of  receiving  than 

tke  nty  atrenHtj ;  while  in  the  te-  foUowing  the  method*  w«  bare  now 

DniitzcdoyGoOglC 
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pointed  out    But  we  hare  seen  reuon  frhic^  it  ii  lint  U)plwd  will  flnt  heeome 

to  condude  that  this  theory  can  be  ap-  s  louth  pole,  and  the  portions  it  a  little 

plictible  only  to  the  minutest  individual  diitance  from  that  end  will  acquire  ui 

porticlei  of  which  magnetic  bodies  are  equal  d^re«  ot  northern  polarity.    Bat 

composed,  and  that  a  ma^et  should  ai  the  magnet  advances  along  the  bar, » 

really  be  viewed  as  an  aggr^ate  of  an  liimlaT  change  will  be  ioduced  in  eoib 

indefinite  number  of  minute  magnets,  succeisive  particle  of  the  surface  which 

liiis  consideration  cannot  but  have  an  it  approaches    and    touches;    that  is, 

important  influence  on  the  art  uf  import-  each  paHicle  will  now  be  converted  mto 

ing  magnetism  to  such  an  aggregate;  a  south  pole,  althoughithadbeforeheen 

as  it  will  lead  us  to  apply  our  means  to  rendered  a  north  pole.     In  as  far  as  this 

efl'ect,  BS  far  as  it  is  in  our  power,  a  takesplace,therefore,  the  advance  of  the 

change  in  the  magnetic  state  of  each  magnet  reverses  the  effect  it  had  at  first 

portion  of  the  aggregate.    The  greater  produced.     In  like  manner,  the  max- 

the  proximity  of  the  pole  of  the  magnet  net  has  no  sooner  quilted  the  end  la 

which  is  to  effect  this  change,  to  the  which  it  was  first  applied,  than  it  tends  to 

part  in  which  the  change  is  to  be  oto-  induce  in  it  the  nortnem  polanty,  at  the 

tluced,  the  greater  will  be  the    effect  same  time  that  it  renders  the  part  which 

produced.     Agreeably  to  this  view  of  it  thentouche3,asouth  pole.    Thesanw 

the  subject,  we  shall  succeed  in  con-  succession  of  changes,  and  reversal  of  the 

verting  a  steel  bar  into  a  magnet  of  magnetism  of  each  part,  takes  place 

greatest  power,  by  subjecting  every  part  during  the  whole  of  the  progress  of  tbe 

of  the  siirhce  of  the  bar  successively  to  magnet  along  the  bar,  with  the  excep- 

Ihe    contact  ot  the  magnetizing   pole,  tion  of  the  end  which  it  touches  last.    It 

Let  us  trace  tbe  consequences  of  tbe  leaves  this  end  of  the  bar  in  the  state  of 

practical  application  of  this  principle.  a  south  pole,  while  the  other  end  re- 

<  ,    «  ,1   ji    .1    r.-     IT.      I  mains  a  north  pole.    The  intennediale 

i  4.  Method  by  the  St«gU  Touch.  j^,  may  be  considered  as  constituluw 

(178.)  One  of  the  earliest  methods  a  series  of  small  magnets,  with  all  their 

which  was  employed  for  giving  magnet-  north  poles  turned  towards  A,  and  their 

iamtoaborC  (^.43J.waslo  layilflat  south  poles  towards  B. 

m__^j^  (179')  Howeyer  conformable  to  the- 

^^'  ory  this  method  of  magnediing  may 

H  appear  to  be,  experience  shows  that  it  is 

H,^  very  little  superior  to  that  bysimplecon- 

■"*'  tact    It  has  also,  like  that  method,  the 

■  disadvantage  o(  frequently  producing 

H  consecutive  poles ;  and  th«e  more  es- 

tJII  pecially  occur  when  the  bar  to  be  mag- 

'  ?"!^^"  netiied  is  of  some  length,  or  consists  of 
veiy  bard  steeL  Tlxy  are  also  veiy 
readily  produced  if  care  be  not  taken  to 

of  the  bar  till  it  arrived  at  the  other  end  than  oi 

B;  andthen,lifUngitcautiousIytoasuffi-  poles  are  multiplied  veiy  much  in  the 

cient  height  to  render  its  inductive  influ-  manner   stated    in  a    former    chapter 

ence  insensible,  to  bring  it  down  again  (j30,31);apoieofonekindbeiiufariDed 

to  its  former  situation,  and  renew  the  at  the  point  where  the  eanlact  has  been 

operation,     lliis  was  repeated  several  loo  long  protracted,  ood  two  olhers  of 

limes  on  each  of  the  surfaces  of  the  bar,  the  contruy  denomination  in  the  imroe- 

the  pole  of  the  magnet  being  always  diate  vicinity. 

'    n  tbe  same  direction,  and  tbe  (I80.j    A  singular  drcumstanoe  dia- 


same  pole  employed.  racterizes  this  method  of  magnetizing  t^ 

It  IS  evident  that  when  the  mag-    Imiehifig,  as  it  is  called.    If,  after  a  bor 

net  is  first  applied  to  the  end  of  the    has  been  impr^nated  with  as  much  mag- 


bar,  it  will  induce  in  that  end  a  po-  netism  as  it  is  capable  of  receiving  bj 

lanty  of  the  opposite  kind  to  that  of  this  method  from  a  strong  magnet,  an 

the  pole  N  of  the  magnet  which  is  in  attempt  be  made  to  increase  the  efitet 

eontact  with  it     Let  us  suppose,  for  the  by  renewing  the  same  operation  imon 

convenience  of  explanation,  that  this  is  the  bar  with   a   weaker   magnet   than 

ft  north  pole;  tbe  end  A  of  •!«  bar  to  tbe  one  that  was  firrt  einctojrad,  the 
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immediate  reiult  ii  ft  km  initead  of  an  Rg.  48. 

augmentation  of  power ;   and  the  bar  <- —  — »- 

nmaina  only  mtwoetiied  to  a  degree        j^  g-^^-^jnt-^jggpw^iiii^— g 

Mn«ipoiiding  with  the  leucr  pow«r  of  '  iif  A  M»|  -"^^^ 

the  Uft  maitnet  by  which  it  hat  \xea  o 
touched.  Thtreaaonof  thiiwfll  eaaily  pointof  Junction  of  the  magnetaahaU  be 
be  undentood,  when  we  connder  that  nnmediately  o»er  (he  middle  of  the  l»ar. 
the  first  effict  produced  by  the  aecond  Then  aeparatiiw  the  magnets,  W  draw- 
magnet  is,  to  reverw  the  polea  which  j^  jhem  opposite  ways  in  the  direction 
already  exist  in  the  bar.  and  afterwarda  oftheir  length  aa  far  as  the  extremitiea 
to  induce  the  same  kind  of  polanfy;  of  the  small  bar,  they  are  nest  to  be  re- 
but this  last  eEEect  it  can  produce  only  nioved  to  a  considerable  distance,  and 
in  a  dq;ree  comnwndmg  to  its  own  a«injoined;  and  aflwwanls  laid  a  so- 
Bhrenglh.  It  therefore  dertroya,  durmg  ^ond  lime  on  the  middle  of  the  bar,  in 
the  former  part  of  the  operabon,  more  the  same  manner  u  at  first.  This  ope- 
than  it  can  supply  in  the  latter.  ration  is  to  be  repeated  several  limes  on 

The  only  ezc^ition  which  might  be  each  of  the  sides  of  the  bar.    Bj  thia 

concrired  to  exist  to  this  destructiTe  ao-  method,  which  was  first  practised  l^  Dr. 

tion  of  a  weaker  magnet,  would  be  in  the  Goivan  Knight  about  the  middle  of  the 

case  where  the  latter  was  composed  of  a  i^g,  centuiy,  steel  bars  could  be  rendered 

very  soft  material,  so  that  the  magnebim  much  more  powerfully  magnetic  than  by 

of  the  bar  wai  capable  of  affecting  ita  „y  ^f  ,he  means  before  in  use. 
polarity,  so  as  to  destroy  it  when  of  a       (i83)  The  grt»t  superiority  of  Dr. 

simUar  kind  to  the  part  of  the  bar  with  Knights  method  is  owing,  not  merely 

which  h  came  in  oontaci,  and  convert  it  to  the  circumstance  before  noticed— that 

mto  an  opposite  polanty.  each  pole  of  the  magneU  acts  only  upon 

(181.)  An  attenliTC  considerabon  of  that  half  of  the  bar  which  is  intended  to 
thestagesoftheprocessMebavadetailed,  receive  a  magnetism  of  an  oppoaile  kind, 
wUI  show  us  that  the  destructive  opera-  ,0^  that  its  uidiictive  effect  on  the  other 
bon  of  the  second  magnet  u  produced  half  has  never  to  be  destroyed,— hut 
chiefly  in  the  first  half  of  the  bar ;  for  »1«)  lothe  inductiveinfiuence  ofthe  two 
if  the  weaker  mi^et  were  first  applied  poieg  being  combined  together  during 
to  the  middle  of  the  bar,  and  then  made  the  whole  of  the  operation.  In  every  por-  . 
to  slideon  to  Ihe  end  in  the  same  direc  tion  of  the  bar  which  lies  between  the 
tion  as  before,  over  Ihe  latter  half,  its  two  poles  of  the  magnets  that  are  thua 
effect  on  the  first  half  would  only  tend  applied,  their  influence  conspires  to  in- 
to atrei^then  the  polanty  already  im-  duee  the  kind  of  maenelum  that  it  i» 
pressed  upon  it  Nor  would  there,  in  desired  to  produce.  In  those  portiona 
that  oaae,  be  any  injurious  effect  pro-  of  the  bar,  indeed,  which  lie  on  the  other 
dooed  if  the  second  magnet  were  Buffi-  gides  of  the  poles  of  the  magnets,  Ihey 
ciently  soft  in  its  texture  to  admit  of  oppose  each  other;  but  it  will  be  pei^ 
having  iU  polarity  changed  by  the  mag-  ceived  that  their  effect  is  here  only  that 
netixm  of  the  bar.  This  consideration  resulting  from  the  difference  of  their  re- 
leads  us  to  another  important  stage  in  spective  influences ;  while,  in  the  former 
the  progress  of  improvement  in  the  art  case,  when  they  act  upon  the  interme- 
«e  are  atudying.  diate  portions,  it  is  as  the  sum  of  that 
influence.  The  superiority  of  the  com- 
$  5.  Dr.  Knight't  Mtthod.  tdned  influence  is  even  greater  than  the 

(IBS.)  This  improvement  consists  in  united  powers  of  the  single  magnets,  aa 

employing  two  magnets  in   the  same  we  have  already  had  occasion  to  point 

operation,  applying  two  dissimilar  poles  out. 

of  these  magnets  each  to  a  different  half  ,  .  ri„i,„.,..  u.,i.  ^ 
of  Ih.  b«  10  h«  i«pr«n"l«l.  "■d  ■»"■  *  '  ""'•"''•  "'"^ 
fining  its  action  to  that  portion  of  tha  (IM.)  If  the  magnets  employed  be 
bar,  which  of  course  should  be  much  lai^  and  powerful,  and  Ihe  bars  very 
smaller  than  the  magnets.  Forthispur-  shortand  aleuder,  it  is  easy,  by  the  pre- 
nose  the  two  magnSs  are  to  be  joined  ceding  method,  to  magnetize  them  to- 
lengthwise,  with  their  dissimilar  poles  in  saturation.  Soon  after  the  puUication 
contact,  andlaidonthebarto  ttemagne-  of  Dr.  Knight's  method,  smaU  bars  thua 
tiied.  in  the  manner  represented  in^.  magnetiaedweredistributedover Europe. 
46,whera  Aaod  Bare  the  magnets,  aid  ana  vrwe  eagerly  sought  after  tiy  the  cul 
C  the  bar  to  be  magnetiied  i  so  that  the  tivatora  of  natund  philosophy.    " 
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■oonfotmd,how«Ter,tIuttbeBtteniptta  (18G.)  It  ii  nident,  that  mtabraa 

nu^etiie  ban  of  a  (Creater  length  by  the  magneti  exert  thoir  eoiijoiiied  infln- 

thHpneeaswaagenerailyleiasuccesrfuf,  toot  on  the  portion)  of  the  bars  thit  lie 

oral  least  ^ledin  tiiving  to  themalltbe  between  them,  and  act  only  tqxm  thair 

poiter  of  which  they  were  susceptible.  retpectivehaWea  of  the  bari,  toe  method 

FhikNephen  therefore  renewed  their  ef-  of  Duhamel  poiHsiH  all  the  advanla^ 

forti  to  derbe  meftiod*  of  greater  and  of  that  of  Dr.  Knight  The  comtNnatian 

moremuvertal  efficienqr,    H.  Dohainel,  of  many  Mpsrate  maffnett  in  caah  bia- 


of  the  Fmoh  Acadamy  of  BoitncM,  in  die,  however,  i^vet  ttaam  f(reata  power 
eonjunstton  with  M.  Autheaunw.  at  h  operating  the  requintfl  mdaotioDa-  -  - 
length  derifcd  the  following  phui,  wfaioh    power,  indeed,  whkh  appean  to  b*  e 


eonjunstion  with   M.   Autheaunw.    at    h  operating  the  requintfl  mdaotioDa — ■ 
length  derifcd  the  following  phui,  whioh    power,  indeed,  which  appean  to  b*  m 
wa*  found  to  suoeeed  even  with  ban  of    riderafaly  greater  than  that  wluch  a  li 


oonudenbte  dimeniioni.  de  mapiet  of  the  tame  liie  la  that  of 

(IS9.)  He  firrt  laid  the  two  bara  of  w  eomtrined  magneta  would  poawi. 
■teel  intended  to  be  magnetiied,  and  But  the  principal  im(iro*«meat  in  Du- 
whioh  were  made  of  equal  length,  paral-  bamel's  plan  oonauta  in  the  di*poiiban 
lei  to  each  other,  C  D  (tee  Jig.  47),  and  of  the  Mn  in  a  paraUelogram  in  con- 
ffg_  47  jmiction  with  connecting  pieces  of  toft 

iron,  which,  acting  ai  •rmaturei,  afTcuil 
an  advantage  of  a  limilar  kind  to  thai 
already  explained  in  {  176.  In  prapM<- 
tion  OS  the  steel  bari  acquire  nugndiim, 
these  connecting  pieces  participate  in  the 
aoquitition  of  a  similar  power,  and  serve 
to  retain  it  in  the  ban  Ihemtelvea ;  jual  as 
the  electricity  which  ii  imparted  to  the 
inner  coating  of  a  Leyden  jar  ii  retained 
by  the  reciprocal  influence  of  the  ik- 


I 
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connected    tbeir     extremities    by   two    juced    and   contrary  electricity  of 

shorter  bars  of  soft  iron,  R  r.  so  as  to  outer  coaling.     The  mtgnetiMl  of  the 

form  altoRether  a  right-angled  parallelo-  bars  is  retained  by  a  similar  influenee;, 

gram.    Then  faking  two  parcels  of  bars  ^^  greater  facility  is  thus  afforded  to 

already  magnetiied.  M  m,  the  separate  iMrease  its  amount  by  the  aubeeqiunt 

bars  of  each  parcel  being  placeJ  with  ^Jditions  it  ii  receiving  from  0»  BCtMO 

their  respective  poles  m  the  same  direc-  ofihe  magnets  as  they  pas*  along  the 

tiong.andflrmlytiedtogether.hebrought  mrfmge, 

the  poles  of  opposite  Jtinds,  N,  S,  into  '„.,.„,.—      . 

contact  over  lUe  middle  of  one  of  the  S  '■  Method  hy  Do^U  ^wkA.- 

steel  bars  forming  the  parallelograni.  Protest  of  MxtdiOt. 

giving  them  a  certain  inclination  to  the  (187.)    While  Duhamel  was  ende»- 

bars  as  seen  in  the  fis;ure.    The  angle  vouring  to  perfect  his  method  in  Fraiwe, 

they  formed  vrith  eachbar  was  generdly  the  lame  object  was  occujiying  the  at- 

ftboul  forty-five  degrees,  so  that  they  tention  of  experimental  philosophert  in 

fanned  with  each  other  a  right  angle.  Engluid;  and  much  aboutthe  same  pe- 

Then  separating  them  from  each  other,  he  riodnew  processes  for  magnetizing  l»ars 

madethem  slide  gently.andwith  an  egua-  were  invented  bvMitchellandby  Canton. 

blemotion.towsrdstheextremitiesofthe  (188.)  Mr.  Mitchell,  of  CamlmdKe, 

bar.  Thisoperation  was  repeated  on  the  published  hit  improved  melhod  in  17S0. 

same  bar  as  often  as  a^neared  requisite.  He  employed  two  parcels  of  strongly 

The  inclined  parcels  or  magnets  were  magnetunl  bara  (M  m.  Jig.  48),  joined 

then  taken  to  tne  opposite  bar  of  tiie  pa-  p^_  4g_ 

rallelokiram,  and  applied  to  them  in  the  -■•■ 
aame  manner;  takmgcare,  however,  to 
reverse  the  disposition  of  the  poles  of  the 
magnets,  so  that  the  side  on  which  the 

north  pole  was  placed  in  the  one  case,  j 

was  occupied  by  the  south  pole  in  the  _ 

other.    After  the  bars  had  been  rubbed  in  a  manner  similar  to  those  above  de- 

•ufficiently  on  the  one  side,  theywere  scribed,  andplacedthemparallel  toeaeh 

turned^  On  the  Other  side,  and  Ihe  same  other,  bul  with  the  poles  of  each  pared 

operations  repeatedontheminthat  situ-  reversed, leaving  between  the  two  p«*'- 

"*•""■  ceU  an  interval  of  about  a  quarter  or  & 
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third  of  an  indi,  Hs  then  Bmuieed  a  one  uiother.  The  latter  of  tbsn  (Otto, 
nomberof  eaualileelban(A,  B,  C,D,  therefore,  will  nerer  have  niffioient 
E)iii  a^trai^nt  line.ftnd  madeoneextre-  enem  to  destroj,  or  even  much  di- 
mitf  of  the  eonjdned  magneta  ilide  at  minUei,  the  effect  which  had  been  pro- 
ngbt  onglea  over  the  Une  of  steel  ban.  dueed  bjr  the  former;  and  thu*  the 
at  did  Doti  however,  limit  himielf  to  one  mignetism  of  each  portion  receivei  con- 
direction,  but  moved  them  backwardaaitd  tinual  accessions  of  itrength  everj  lime 
forwards  the  whole  length  of  the  united  the  magnets  are  made  to  pass  over  it. 
snrboea  of  the  bars ;  repeating  the  ope-  The  long  line  of  bm  operates  in  a  man- 
ntion  on  each  ride  until  he  had  obtuned  ner  similar  to  the  pieces  of  soft  iron  at 
as  great  an  effect  as  possible.  the  extremities  of  those  in  the  paral- 

In  order  to  equalise  as  much  as  pos-  Jel<^ram  of  Duhamel — that  is,  tne  ex- 

siUethemagnetiepovrerofthe  twoends  temal  bars  act  as  armatures  to  those 

of  each  bar,  it  ii  expedient  to  commence  which  lie  between  them ;  andheneemay 

each  operation  by  laying  the  oonjoined  be  understood  why  these  intermediate 

magnets  on  the  middle  of  the  line  of  bars,  bars  receive  the  strongest  impregnation, 
and  to  pass  the  magnets  over  each  half       (190.)  The    different   processes    Ibr 

of  tiie  line  an  equal  numt)er  of  times ;  communicating    m^netism   which   we 

at  the  conclusion  of  which,  the  ma^ets  have  now  described,  comprise  all  those 

being  brought   again   to    the   middle,  methods  that  are  essentially  difibrent  In 

they  thould  be  rused  perpendicularly,  their  principle;  all  others  which  have 

so  as  not  to  disturb  the  lateral  effects  been  proposed  may  be  regarded  as  va- 

which  had  been  produoed.  Mr.  Mitchell  rieties  merely  in   the  combinations  of 

found  that  the  tieel  bars  B,  C,  D.  which  which  these  principles  are  susceptible, 

wereinteratediatein  the  series,  acquired  We  shall  only,  therefore,  notice  those 

by  this  process  a  very  great  d^ee  of  which  have  been  most  in  repute. 
magnetic  power.     Those  which  formed        (191.)  Mr.  Canton  published,  inI75I, 

the  extreme  bars  of  the  series  A,  D.  were  a  method  which  he  considered  as  tu- 

much  less  impregnated ;  but  by  remov-  perior  to  any  of  those  previously  em- 

ing  them  from  this  situation,  and  trans*  ployed.    He  placed  Ihe  bars  intended  to 

fening  them  to  the  middle  of  Ihe  series,  be  magnetised  so  as  to  form  a  parallelo- 

and  then  repeating  the  same  operations,  gram  with  connecting  bars  or  arma- 

Ibey  quichty  acquired  the  same  degree  tures  of  soft  iron,  as  in  the  method  of 

of  magnetism  as  thatest,  Duhamel.    He  then  had  recourse  to  the 

(isy.)  The  process  above  described,  method  of  double  touch  as  prescribed 
which  soon  acquired  much  celetuity,  by  Mitchell;  after  which  he  separated 
was  cM^  thi  Ttiethod  by  double  touch ;  the  two  bundles  of  magnets,  and  in- 
and  it  is  asserted  by  its  inventor,  that  clining  them  to  the  bars  ni  contrary  dl- 
two  magnets  will  impart  more  magnetic  rections,  aa  Duhamd  had  done,  he  corn- 
power  to  a  bar  of  their  own  size,  when  pleted  the  operation  by  making  them 
employed  in  this  peculiar  mode,  than  a  slide  from  the  middle  towards  the  exti«- 
single  magnet  of  five  times  the  strength  mities.  "Die  combination  of  these  two 
of  the  former,  when  applied  after  the  processes  was  considered  by  Canton  as 
mannerof  the  single  touch.  The  opera-  an  improvement  upon  the  method  at 
tion  of  the  two  poles  of  the  conjoined  Mitchell  There  is,  however,  great  rea- 
paicels  of  magnets  on  those  portions  of  eon  to  think,  as  Coulomb  and  Biot 
the  bars  over  which  they  pass  will  readily  have  remarked,  that  ttKse  auccesiive 
be  understood  from  what  has  been  said  operations  are  quite  superfluous,  and 
with  respect  to  the  methods  of  Knight  that  the  bars  are  left  at  the  end  of  them 
and  Duhamel.  They  act  by  the  sum  of  predselv  in  the  same  state  as  if  only  the 
their  inducilve  powers  on  those  parts  Ia«t  had  been  employed, 
of  the  bar  that  are  situated  between  ,  .  »„r_,...  if,,*_j 
them,  but  with  the  diffewnce  of  those  *  ®-  -*«P««"  '  mt^oa. 
powers  on  all  those  parts  which  lie  be-  (192.)  jGpinus  introduced  modifioa- 
yond  them ;  and  the  former  is  therefore  tions  into  the  process  of  the  double 
always  greatly  more  efficient  than  the  touch,  of  greatn-  importance  and  much 
latter.  The  superiority  is  the  more  con-  more  judiciously  conceived.  He  Rnt 
aiderahle  in  the  present  case,  inaa-  formed  the  parallelogram  of  steel  bars 
much  aa  the  magnets  are  nearer  to  each  in  the  manner  of  Duhamel ;  but  in  ^aee 
other,  and  therefore  act  with  much  of  the  auxiliary  cross  bars  of  soft  iron, 
greater  power  when  they  co-operate,  but  he  connected  tlieenda  of  the  steel  ban  by 
•re  nearly  iTwffh^mt  when  Uiey  oppoM  menu  of  other  steel  ban  whiefa  htulpi*' 
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tiouil^  been  rendered  powerfblly  bu^f-  when  it  will  be  M«n,  tiy  the  manner  ia 

netic.  Henext  placed  the  two  compouod  which  the  filings  uruve  thennelve*, 

ma^etR  end  to  end.  with  their  distimiler  thu  the  neutral  point  of  the  bar  doei  not 

poles  adjoining  eachother,  but  separated  occupjr  the  exact  middle  of  the  bar,  but 

by  a  nnall  piece  o[  wood  {Jg.  49),  u  sensibly  nearer  to  that  end  to  which 
the  magnets  used  in  the  operation  of 

*«■  *S.  touching  it  had  been  last  applied. 

"^  In  the  second  place,  magnets  fonned 

bytheproceciof^pinus  are  much  more 

,,^„„, liable  to  have  consecutive  poks  than 

Ii^^^^lBB^^^H^^BI  those   obtained  by  Duhamel's  process; 

^  and   Ibis  is   especially  the  caie  if  the 

■  magnets  are  of  some  length.     These 

^^MMHH^^^H^^^^J  consecutive  poles,  which  are  irreiculariy 

^^^^^^^^^^^^^^^^^^^  formed  in  various  parts  of  the  magnet, 

wludi  kept  them  asunder  for  a  short  are,    it  is  true,  in  general  extremely 

■pace;  and  then,  uidining  them  so  that  f^ble;  but  still  they  must  always  im- 

theyformedaven'obtuseanKlewitheach  pair  veir  consider^ly    the    directive 

other,  he  placed  them  on  the  middle  of  force,  which  becomes  a  very  serious 

one  of  the  steel  bars,  and,  witbont  sepa-  otijedion  when  the  magnets  are  inUnded 

ratine  them,  made  them  slide  backwards  for  campasa-needtes.    The  inequality  of 

and  forwards  along  the  surface  of  the  strength  or  of  diffusion  of  the  two 

bar;  repeating  the  operation,  with  the  principal  poles  is  also  disadvantageaui 

usual  precautions  as  to  the  direction  of  with  a  view  to  the  same  object    Hence 

the  poles,  on  the  other  bar,  and  on  both  the  process  of  Duhamel  will  always  be 

sides  of  each.  _  _  found  preferable  for  Ihe  construction  of 

With  regard  to  the  position  of  the  compaas-needles ;  while  that  of  jEpinus 

magnets,  it  ia  evident  that  this  process  ii  more  serviceable  when  it  is  wished  to 

is  analogous  to  that  of  Duhamel;  but  oblain    a  very  considerable   magnetic 

aa  the  magnets,  during  the  whole  time  power  in  large  bars,  for  the  purpose  of 

they  are  rubbed  upon  the  bars,  are  kept  batteries,  or  other  magnetic  combina- 

ui  the  same  relaUve  situation  with  re-  tions,  where  it  imports  liltie  whether 

apect  to  each  other,  their  operation  de-  the  neutral  points  be  exacUy  coincident 

pends  upon  the  pnnciple  of  the  double  with  the  centres  of  each  individual  piece, 
touch  peculiar  to  Mitchell's  process.  ,  „    *>_ ,     ,,    ■, 

JBpinus  tried  different  angles  of  indina-  *  ""  Co«fo».6*  Proct»». 

tion  for  the  magnets,  with  a  view  to       ""'  T™  attention  of  M.  Coulomb, 

discovar  that  which  gave  the  greatest  at«^y  disUnguished  by  his  researches 

effect;  and  concluded  that  the  maximum  "•  electncity,  was  engaged  for  a  con- 

of  effect  was  obtained  when  the  mag-  siderable  period  in  perfechng  the  art  of 

neU  made  angles  of  fifteen  or  twenty  making    magnets;   and  his  numerous 

degrees  on  each  side  with  the  steel  bar  communications  to  the  French  Academy 

OD  which  they  were  to  act.  '^"'^  Institute  contam  a  gr^t  mass  of 

(193.)  When  an   inquiry  was  insti-  valuable  obsertations  on  this   subject, 

tutedastolhecomparativeefficacyoftbe  Some  of  the  results  of  his  experiments 

methods  of  Duhamel  and  of -Bpinus,  the  '^  given  by  Biot,  in  his   "Traill  de 

latter  was  found  to  possess  this  advan-  Physique,"" 

tage— that  it  enabled  the  experimenter        C^S.)  The  magnetic  ^paratos  for 

to  magnetize  bars  of  considerable  length  impregnating  a  steel  bar  consists,  as  we 

and  thickness  by  means  of  bars  which  '"'"'  *^^-  "^  **">  P»^« ;  'he  first  is  that 

themselves   possess    no    great  power.  ™'"> "  "*«''•  ■"O  applied  to  the  bars 

which  waa  not  the  case  with  the  process  'n  ""ch  a  manner  as  to  act  by  Its  con- 

of  Duhamel.    At  the  same   time  the  tinued  inductive  operation;  this  includes 

method  of  ^pinua  is  liable  to  many  in-  "■«  armatures  of  soft  hon,  as  well  as  Ihe 

conveniences;    in   the  first   place,   we  fi»ed  magnets  that  may  be  substituted 

aeareelycver  obUin,  by  its  means,  an  wrlhem:  and  the  second  is  the  moveable 

equal  degree  of  magnetic  power  in  the  magnetic  bars,  or  combinations  of  bars. 

two  ends  of  the  bars  to  which  it  is  ap-  "*»<!"  *^  maae  to  slide  and  rub  over 

idied.    This  will  appear  by  placing  any  the  bar  to    be  magnelited.    For  the 

oneofthesebarsonat^Ie,  and  laying  construchon  of  the  fixed  part  of  the 

on  it  a  sheet  of  paper,  on  which  are  apparatus.  Coulomb  employed  ban  of 

■trewed    Mme  Twy  fine  iron  fiLngs;  •  T«iitiU.p.H. 
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^•el  tempered  ^t  a  idieity-Ted  heal,  and  to  each  other,  and  unttingthem  by  their 

from  twenty  to  twenty-four  inches  in  poles  of  the  sane  denomination,  he  ax- 

length,  of  rather  more  thD.n  half  nn  inch  ninzed  them  into  two  assemblnjEes.  cnm- 

in  breadth,  end  one-fitth  of  an  inch  in  posed  of  five  bars  in  each,  separelet]  by 

Ihickneas,     Thesehe  iirsl  maijnetiied  lo  small  parallelopipeds  of  soft  iron,  which 

saturation  by  means  of  other  mHRiiets  projectedahltleb^ondlheirextremitiM, 

SriKUied  by  any  of  the  methods  already  and  performed  Che  office  of  an  armaliire, 

escnbed ;  then,  placing  them  parallel  common  to  the  whole  set  {tee  fig.  SO). 

Fig.iO. 


The  moveable  part  of  the  apparatus  lie  an  equal  number  of  friclions.    After  the 

usually   formed   of  four  bars  of  steirl,  last   movement    has    been    (»mpleted, 

temj^red  at  the   same  heat  as  the  pre-  when  thema^netswill^veheenbroueht 

ceding,  and  of  the  same  dimensions  as  back  to  thecentre,  where  the  movement 

to  breadih  and  thickness,  but  only  six-  had  commenced,  they  are  to  lie  raised 

teen   inches   long.     After    magnetizing;  perpendicularly  to  a  height  lufGcient  to 

them  as  stron;;ly  as  possible,  he  united  obviate  all  sensible  disturbance  of  the 

two  of  them  by  their  widths,  and  two  magnetic  state  of  the  bar,  and  the  ope- 

others  hy  iheir  thicknesses,  forming  a  ration  repeated  on  its  other  side, 
packet  consisting  of  four  magnets  placed        (197.)  If  the  pieces  which  compose 

M  close  as  possible.  the  moveable  ma^ets   have  not  previ- 

(196.)    In  proceeding  to  operate  with  ously  received  all  the  magnetic  power  of 

this  appftratus.  The  lar^e  assemblages  of  which  thej  are  susceptible,  as  will  eene- 

magneta,    with    their    armatures,    are  rally  happen  if  ws  have  not  previously 

riaced  opposite  to  each  other ;  so  that  the  command  of  a  sufRcient  apparatus 

the  magnets  which  compose  them  shall  for  that  purpose,  Iheir  unilea  powei, 

lie  in  the  same  line,  ^h  their  north  and  when  assembled  in  the  manner  already 

south  poles  opposite  to  each  other,  but  described,  will  still  produce  in  the  bars 

separated  liy  a  space  nearly  equal  to  subjected  to  llieir  action  in  the  above 

the  length  of  the  bar  lo  be  magnetized,  process,  a  degree  of  magnetism  greater 

which  latter  bar  is  to  b«  laid  between  than  that  which  they  tnemselves  pos- 

the  two  sets  of  magnels,  resting  on  the  sess.    We  may  therefore  avail  ourselves 

cross  bars  or  armatures,  for  the  space  ofthe  latter  of  these  bars  for  composing 

o(  about  the  fiflhof  an  inch.     Then  the  a  new  set  of  magnets,  which  will  accord- 

moveable  tnagneli   are  laid   upon   the  ingly  be  more  powerful  than  theformer: 

centre  of  the  bar,  and  inclined  on  each  and  then,  obtaining  by  thpir  means  still 

side  in  opposite  dirtKtions,  so  as  to  form  more  highly  impn^naled  magnets,  we 

with  each  half  of  the  bar  aa  angle  of  may  again   disunite  them,  and  subject 

twenty  or  thirty  degrees.  them  to  the  action  of  still  more  energetic 

Every  thing  being  thui  prepared,  it  is  combinations,  formed  by  the  bars  last 

at  the  option  of  the  experimenter  to  impregnated.    By  the  continued  repeti' 

.  proceed  according   to   the   manner   of  tion  of  these  processes,  employing  ono 

Duhamel,  by  drawing  each  packet  of  the  setofmagneticbars  alternately  in  raising 

moveable  magnets  away  from  the  niidUte  the  intensity  of  those  of  another  set.  It  is 

of  the  bar,  along  that  half  of  it  nhich  evident  that  we  shall  finally  succeed  in 

lies  on  its  own  side,  as  far  as  the  ex-  effecting  their  complete  saturation- 
tremity;  or,  following  the  directions  of        (198.)  When  it  is  required  tomagne- 

.^pinus,  lo  retain  the  magnets  in  their  tiie  bars  of  very  considerable  size,  Cou- 

relative   situation,   t)y   placing  between  lamb  recommends    that   the  moveable 

them  a  piece  of  vvood  or  of  copper,  so  as  apparatus  of  magnels  should  be  com- 

to  keep  their  poles  at  an  invariable  dis-  posed  of    a  much  greater  number   of 

tance  of  one  quarter  or  oneliEth  of  an  piecesthanin  the  instance  abovegivea; 

inch  from  each   other,   and   preserving  and  that  these  pieces  should  be  disposed 

their  inclinations,  to  slide  them  Lack-  in  rows,  each  successive  row  projecting 

wards  and  forwards  from  thecentre  to  beyond  thelast.asshowniny^.51:  thus 

each  extremity  of  the  bar,  until  each  the  pole  of  each,  which  generally  resides 

haif  of  it  shall  have  been  subjected  to  at  the  very  extremity  of  the  bar,  will 
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Pig.  31.  of  equal  length  end  ihickneti,  wh  nb- 

jeded  to  experiment.  *  tli^ht  difference 
WK*  perceptible  in  the  decree  of  niAKne- 
tiim  resulting  from  the  dit^rent  metliada, 
tbace  of  Duhame!  and  ^pinu*  being;  tlie 
mo>t  efficacioui.  The  di&renee  wa* 
more  perceptible  when  the  Kleel  traa 
«»»  «.«.4;.i.k.  in  ~».f.^  .^h  tK-  """^s  "f  a  hinler  temper,  and  inereaied 
t^t^^T^^Z^}^  ,^J^  8til]more«henlhicker'platesof>teelwere 
S^.„S  ^f^^lT^  it^thT;  t"^"!-  Tht  process.,  of  Duhamd  and 
poMdmapiet.,  appl"*!  to  t-i*  Ihe  of^pi„„,^hen  applied  to  plate,  of 
pwper  ndinabon.  and  the  whole  wffl  «hich  ,he  thickneS^i.  leM  than  one 
powerfully  eon.p,re  in  pix>duc>i>g  the    ,^^f,j,  ^^  ^  J„^^^  „^^  ^^^^  ^^  ^^^ ^ 

(Tm.)  The  parallelogranu  of rteelbar,  ^T\V'^l,r^'  '*"'''  ""T*  '^""f^ 
and  wAiroiTXildbe  Wept  firm  by  "«'.  th»t  of^pmui.  ™  deodefiy  the 
„j '    ,,  , ;  ;  _..       '    most  tfca£iDus.     In  the  cue  of  ban 

rSr.-;;,™;i.  J,&.™S  'ss  ■"•«"  i"*-  i.i«!,™in=i.b™4  ..d 

ana  the  extremities  m  tnemaenelic  bars     j.     .    __  .u_i     r    _  ■     u  .i.-  i     il 

the  bm,  "  U  riomn„nd,d  b,  .oml  f?"!'"^"!,"^'.';  .i.*f  Tff " 
u(i,o^  wlycon.id,r.bl.  p%!.ure;  '""■P™""'*?  byth.  method, ot  *pi. 
butCpUinKerromdinmeiedp™.;    "^I??  Doh.mel  .«,  ne«l,  ,n  the 

Dr.  Kobiun  conceived  IhU  h,  «eltmg       ""'',    "f^J    "i?-  "'"  ""^'^ 

.•tel ;  b«l  he  found  thu  Ihe  leul  d^J  of  '?•?•  °' "",  "  ™""''  -"'"S  "< 
oil  beiran  Ih.  bm  greUly  ob,i™5oi  "'"«■  •"'  Z^V'^f'f  °J  """'  "' 
the  opemion  ot  the  ISgnet..  u  wu  mrt»o!.  mdependentl,  ot  the  m.o.  on 
.1.0  tC  cue  .hen  the  .Sle,  piece  ol  "»  *T  'M°E°™  !';j'"i,'°'" 
the  Ihinnnt  jold  M  inlervenrf.  He  '"  e.im,.led  b,  mejn.  of  the  b.ta,« 
»n,.„j  Ik..)  K...  _).;»i.  ^«.  w..,„k  ™  of  tunion  of  Coulomb.  This  instrument 
louna  Itiat  bars  which  were  rousn  re-  ■  i  p  ji  .  _-_  .  j  i_ 
celled  .  more  pow.rtol  mutS.li.m  Jin.i.t.  jl  .  «ne  «.te  tetmimtri  .bove 
thut  IhoM  »hich  wen,  n,ode™telv  po-  f'  "  '"1"  "  "5"  •r'K'"  I?  ''■"''* 
M«di  but  tl,.t,ir  moder.tely  rmgh.  J  ™  t  T°?  'J  <l;;«i"l."to 
thev  Kqoirol  11.,  tir«  deg™,.  or  mig-  ''^•-  ,T°  ;*■;  1°""?"'.  °'  J*  ""S,' 
nelam  more  ..pediiioo.1  yth.n  .moofh  =■««•  I-Ufchedtorijamngtheneeje 
bu..  buldidnJlullim.tel,  reoei.e  «>  -b.oh  ,.  the  . object  ot  e.pe™»,tTh« 
rtroog  >o  impiesnition  u  the  Utter.  ^i'""'  '^""5,  •'l'»"<'. "  'b»  'be 
^  t^  ^  needle  wu  m  the  megnebc  metidiAa 
F  ,  „  ..  jj:™.i„„_  nf  II,.  when  the  wire  had  no  torsion,  the  index 
i  10.  Coi.j»rjto,  .^loj«  «"*•,„  tnmed.  end  the  mre  coi«,oently 
"J"™'"™"'"-  t.l.led,  ontil  the  needle  »..  m^l.  to 
(200.)  An  account  of  Conlomb'i  ex-  deviate  60°  Irom  its  ori^nal  position, 
pertmentt  on  the  compnmtive  advan-  The  number  of  defrers  piused  over  by 
tages  of  the  difierent  mHihudi  of  maf(<  the  index  would  then  be  the  measure  of 
netiting  ban  of  diSeient  thickneites,  the  directive  force  of  the  needle. 
leni^hi,  and  forms,  is  pven  by  Biol  in  The  needles  to  be  magnetized  were 
his  "  Trait6  de  Physique."  The  slrenf^th  light-angled  parallelo§rnmii,  live  inches  - 
of  each  magnet  was  estimated  by  the  long ;  the  one  leven-tenths  of  an  inch 
number  of  oscillations  which  it  per-  broad,  and  the  other  of  half  this 
formed  in  a  f^ven  time  on  each  side  of  breadth.  Tlie  broadest  was  reduced  in 
the  magnetic  meridian  by  Ihe  influence  thickness  till  it  was  of  the  same  weight 
of  terrestrial  magnetism.  The  following  as  the  other,  namely,  one  hundred  ami 
are  some  of  the  results  of  his  inquiry.  forty-two  grains.  The  magnets  em- 
He  found  that  steel  wires  of  small  dia-  ployed  were  first  placed  perpendicularly 
meter  may  be  rendered  magnetic  to  an  on  the  centre  of  the  needle,  their  oppo- 
equal  degree,  whether  touched  by  the  site  poles  being  joined;  their  lower  ex- 
mAthod  of  Duhamel  or  of  ^pinus,  or  tremities  were  then  sejiarated  and  kept 
even  whensimply  rubbed  with  the  single  asunder  by  placing  t^tweentliemapiete 
pole  of  a  itrong  magnet,  for  in  all  these  of  wood  a  quarter  of  an  inch  thick,  llieir 
"      '                      pper  extremities  remaining  in  contact. 

•  llgiopUnU  TnnHBtlgiu  fOr  Idi.  f .  IM. 
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^K  DHffneta  were  then  did  along  the 
needle  DBcknards  tnd  forwarHs  froni 
end  lo  end,  &nd  thU  wu  repealed  on 
both  sidet!,  liJI  it  wa*  oonceived  that  the 
full  effect  had  been  produced  ;  and  the 
directive  force  of  the  magnet  Ihui  ob- 
tained wat  noted.  The  process  was 
repealed  with  the  same  apparatus,  ex- 
cepting that  the  ma^ets  were  (eparaled 
at  the  top  by  a  piece  of  wood  of  the 
flume  thlcknun  as  (hat  at  tlie  bottom. 
The  eSect  was  considerably  diminiBhed 
by  this  chanffe-  When  the  lower  ex- 
tremities of  the  needle  were  separated 
by  a  piece  of  wood  to  the  distance  of  half 
ttie  leneth  of  the  needle,  the  upper 
extremities  remaining  in  contact,  ihe 
effect  was  greater  tha.i  in  the  firstexpe- 
riment  A  further  avizmentation  of 
power  was  obtained  when  the  magnets 
were  joined  and  placed  perpendicularly, 
as  before,  on  the  centre  of  tlie  needle, 
and  then  moved  in  opposite  directions 
from  tliecenire  to  the  extremities,  keep- 
ing each  raagnel  perpendicular  to  the 
needle  ;  nfterwards  rejoinini;  them  at  a 
dislance  from  the  needle,  replaeinB;  them 
on  its  centre,  and  thus  continuing  the 
O[ieriilion.  The  needles  were  then  mag- 
netiicd  according  lo  thu  method  of 
Duhamel.  the  magnets  being  inclined  at 
an  aniEle  of  about  forty-five  decrees,  and 
earned  as  before  from  Ihe  centre  to  the 
I'nds  of  the  needle.  'litis  was  attended 
"it.i  a  still  greater  increase  of  effect ; 
Ijnt  it-was  increased  still  further  when 
tl.i- magnets  formed  tvilh  the  needle  an 
uii;;le  of  about  Iwenly  degrees.  The 
maximum  of  effect  took  placewhen  this 
angle  was  reduced  to  about  two  or  three 
degrees ;  for  when  the  magnets  were 
laid  flat  on  the  surface  of  the  needle*, 
and  drawn  from  Ihe  centre  to  the  ends, 
Ihe  effect  was  not  so  great  as  in  the  last 

(!U2.>  On  Ihe  whole.  Captain  Kaler 
concludes  that  Ihe  best  mode  of  commu- 
nicating maenelisin  lo  a  needle,  is  by 
placinKit  in  the  magnetic  meridian,  join- 
ing the  opposite  poles  of  a  pair  of  har 
magnets  (the  mnznets  beint;  in  the  same 
line),  and  laying  the  magnets  so  joined, 
flat  upon  the  needle  with  their  poiei 
upon  lis  centre;  then  having  elevated 
the  distant  extremities  of  the  magnets, 
so  that  they  may  form  an  angle  of  about 
Iwo  or  three  degrees  with  the  needle, 
they  are  to  be  drawn  from  the  centre  of 
Ihe  needle  to  the  extremities,  carefully 
preserving  Ihe  same  inclination;  and 
navioK  joined  tlte  poles  of  the  magnets 
at  a  distance  tttea  Ihe  needle,  the  o(ie- 
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ration  is  lo  be  repotted  ten  or  twelve 
times  an  exch  surkce. 

(3D3.)  We  have  seen  <$  in),  that 
terrestrial  magnetism  may  be  ma^e 
available  for  procuring  artificial  magnets 
by  the  help  of  percussion  ;  and  it  now 
remain*  that  we  point  out  Ihe  methods 
of  emidoying  it,  m  Ihe  absence  of  all 
other  magnetised  bodies,  in  exciting 
magnetism  by  friction,  either  by  the 
single  touch  or  by  a  method  analogous 
to  that  of  Dr.  Knight. 

(304.)  Let  the  needle  to  be  magnetized 


apply  to  the  middle  of  it  Ihe  lower  end 

of  a  long  iron  bar,  a  poker,  for  instance. 

Pig.  sa.  Pig.  S3. 
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held  vertically ;  and  Immediately  oppo- 
site, at  the  lower  side  of  the  needle,  ap- 
ply the  upper  end  of  a  second  bar  of  a 
similar  description  lo  Ihe  first,  as  seen 
in  ^.  52.  Then  draw  each  har,  still 
kept  in  a  vertical  posiUon,  towards  the 
opposite  ends  of  theneedle  ijig.  53),  tak- 
ing care  that  the  upper  bar  be  drawn 
towards  the  side  of  the  needle  intended 
to  be  its  south  pole,  and  the  lower 
bar  towards  the  intended  north  pole ; 
then,  separating  Ihe  bars,  remove  them 
to  a  distance,  and  bring  them  again 
perpendicularly  to  Ihe  middle  of  the 
needle;  and  repeat  this  operation  s 
sufficient  number  of  limes  on  each  side. 
This  simple  process  will  often,  if  the 
needle  be  small,  be  sufficient  to  magne- 
tize it  lo  saturation.  The  principle  on 
whichit  is  founded  is  sufficiently  obvious. 

j  II.  Cimion't  Procu*. 

(2(15.)  The  process  of  Canton,  already 

alluded  to,    proceeds    upon   ttie   same 

principle,  and  does  not  reouire  the  pre- 
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TknspoMCfBiimoftnfmUTwt.  Aithe 
knowledge  of  it,  thererore,  mftj  be  of 
UM  to  thoTC  who  ire  not  provided  with 
anj  magnelte  ^tpuatus,  we  shall  pr«- 
WTit  tbefotlovfing  outline  of  that  part 
of  it  which  sppean  to  be  the  really  effi- 
«ianl  process. 

(3D6.)  Six  bars  of  soft  i(e«l  are  to  be 
provided,  each  three  inchet  long,  one 
(juarter  of  an  inch  broad,  and  one  twen- 
tieth of  an  inch  thick,  toother  wilh  two 
pieces  of  iron,  each  half  the  length  of 
one  of  the  bars,  but  of  the  same  breadlh 
and  Ihickaena ;  and  also  six  lian  of  hard 
■teel.  each  five  inches  and  a  half  long, 
hair  an  inch  broad,  and  three  twentieths 
of  an  inch  thick,  toicelher  with  two 
pieces  of  iron  of  hivlf  the  length,  but  the 
whole  breadth  and  thicknens  of  one  of 
the  hard  ban.  All  these  bars  ai«  to  be 
markeil  a  t  one  eod  by  a  line  quite  round 
them,  in  urder  to  distinttuish  the  polea. 

{3IJ7.)  Two  bars  of  inin,  or  an  iron 

poker  ani!  tongs  (/T,^.  S4),  are  to  be  taken: 

Pig  S4. 


(SDS.)  Having  magnetized  four  offhe 
■oft  bars  in  this  manner,  the  other  tvro 
(Jig.  iS)  are  to  be  laid  parallel  to  each 
Other,  at  the  diitance  of  about  oae 
fourth  of  an  inch  t>etween  tlie  two 
pieces  of  iron  belonging  to  them,  a  north 
and  B.  south  pole  against  each  piece  of 
iron.  Two  of  the  tour  btn  that  have 
been  already  made  mifcnetical  are  thea 
to  be  united,  so  as  to  make  a  double  bar 
in  thickness,  the  north  pole  of  one  even 
with  the  south  pok  of  the  other;  and  the 
remaining  two  being  placed  next  to 
these,  one  on  each  side,  so  a^  to  have 
two  north  and  two  south  poles  together, 
the  north  and  south  poles  are  to  be  se- 
parated at  one  end  by  a  lar^  pin  pot 
between  tfaem;    they  are  then  lo  be 

Pig.ii. 


the  larger  ther  are,  and  the  longe-  they 
have  been  used,  so  munh  the  bettir. 
Let  the  poker  Iw  fixed  upriijht,  and  held 
by  the  kneeii  and  let  one  of  the  soft  steel 
Mrs,  havine  its  marked  end  downwards, 
be  tightly  fastened  to  it  by  a  piece  of 
Mwing  silk,  and  held  with  the  left  hand ; 
then  grasping  the  tongs  with  the  ri^ht 
band  a  lilt  le  below  the  middle,  and  hold- 
ing them  in  a.  vertical  posilion,  let  the 
bar  be  nibbed  with  the  lower  end,  from 
the  bottom  to  the  top.  alioiit  ten  limes 
on  each  side.  This  wi!l  ^nve  it  sufGoient 
magnetic  power  lu  lift  a  small  key  from 
the  marked  end)  which  will,  of  oonrse. 


placed  perpendienlariy  wlh  that  end 
downwards,  on  the  middle  of  one  of  the 
parallel  bars— the  two  north  poles  to- 
wards that  end  intended  to  be  made  the 
Muth  pole,  and  the  two  south  poles  to- 
wards the  inlendsd  north  poles.  Neit 
slide  them  hackward.i  and  forwards 
three  or  four  limua  the  whole  length  of 
the  bar,  and  removing  them  from  the 
middle  of  thii  bat,  place  them  on  the 
middle  of  the  other  bar  as  before  di- 
rected, and  go  over  that  in  the  same 
manner.  Then  turn  both  the  liara  the 
other  side  upwards,  and  repent  the  ope- 

Havbz  done  this,  remove  the  two 
bars  from  between  the  pieces  of  iron, 
and  pladng  the  two  outermost  of  the 
touching  bars  in  their  stead,  let  the 
other  two  be  the  outermost  of  the  four 
to  touch  these  with.  This  process  beinjf 
repealed  till  each  pair  of  bars  have  been 
touched  three  or  four  limes  over,  they 
wQl  thus  acquire  a  ccnsiderable  magnetic 
power. 

Next  put  tocher  the  six  ban,  u 
ma  dboe   with  ibe  four,  and  touch 
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placfd  between  their  iron  armatures,  at 
the  distance  of  aboat  half  sn  inch  from 
one  anolher.  The  soft  ba«  may  now 
be  laid  aside,  and  two  of  the  hard  bars, 
placed  betneen  their  iron  armatures, 
may  be  roaf^etized  by  means  of  the 
other  four,  nhich  should  be  held  apart 
at  the  lower  end,  at  »Ji  interval  of  about 
one  fifth  of  an  inch ;  to  which  distance 
they  are  to  be  Eeparated  after  they  are 
net  on  the  parallel  bar,  and  brougl^t  to- 
gether again  after  they  are  taken  d£ 
The  same  process  as  that  above  descritwd 
is  now  1o  be  continued  until  each  pair 
has  been  touched  two  or  three  times 


hour;  and  each  of  the  larger  bars,  if  thej 

had  been  previously  well  haidened,  may 
be  made  to  lift  (nenty-ei^ht  troy  ounces, 
or  even  more.  Bars  thus  impregnated 
will  pve  to  a  hard  bar  of  the  same  siie 
its  full  virtue  in  less  than  two  minutes ; 
and  may,  therefore,  answer  almost  every 

Eurjiose  in  natural  philosophy  mucn 
eller  than  the  natural  loadstone,  which 
has  seldom  sufficient  power  to  impreg- 
nate hard  bars, 

i  12.  fbne^hos  Magneti. 
(209.)  Ma^ets  in  the  form  of  a 
straielit  bar  are  less  convenient  when 
the  atlion  of  both  the  poles  is  wanted, 
as  happens  in  various  experimenti,  es- 
pecially such  as  concern  the  railing  of 
weight^  by  the  force  of  mafi^ietic  attrac- 
tion. In  order  to  bring  the  two  poles 
near  each  other,  artiflcud  magnets  are 
often  mode  in  the  shape  of  a  horse-shoe, 
i/lg-i6,)  or  sometimes  amore  semicircu 


Jrf ■  **■ 
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.arform  is  ^en  (o  th«n  (Jig.  &7).  Thesa 
horseshoe  magnets,  as  they  are  called, 
may  be  rendered  magnetic  by  the  same 
— wcKss  as  a  straight  bar ;  the  magnets 
r  which  they  are  rubbed  being,  of 


^wli 


course,  made  to  follow  the  eumture  of 
the  bar.  The  method  of  .£piniis  is  best 
suited  (or  the  communication  of  mag- 
netism to  bars  of  this  shf^je. 

(£10.)  Horse-shoe  magnets,  that  have 
their  poles  brought  very  near  to  each 
other,  are  exceedingly  convenient  as 
substitutes  for  the  compound  i^iagnets 
employed  in  the  process  of  magnetizing 
by  the  double  touch.  They  fulfil,  in- 
deed, alt  the  purposes  of  compound 
magnets  in  this  operation ;  and  if  placed 
at  once  on  <he  middle  of  the  needle  lu 
be  mainielized,  with  the  poles  turned  in 
a  dureclion  the  reverse  of  that  of  the 
poles  intended  to  be  given  to  the  needle, 
and  tbep  moved  backwards  and  forwards 
along  the  surface  of  the  needle,  taking 
care  to  pass  over  each  half  of  it  an  equal 
pumber  of  times,  and  repeating  the  same 
operation  on  the  other  side,  the  needle  is 
speedily  and  effectually  rendered  mag- 
netic. The  readiness  with  which  Ibis 
may  be  put  in  practice,  and  the  absence 
of  alt  previous  preparation,  ore  strong 
recommendations  in  favour  of  this  torm 
of  magnet 

(211.)  Powerful  magnetic  batteries 
are  sometimes  constructed  by  uniting  n 
number  of  horse-shoe  magnets,  laymg 
them  one  over  the  other  with  all  their 
poles  similarly  disposed,  and  fastening 
them  firmly  together  in  a  leathern  or 

i  13.  Pntervatitmqf  Magnet*. 

(212.)  PVom  what  has  been  already 
said  respecting  those  circumstances 
which  lend  to  produce  or  to  destroy 
magnetism,  we  may  easily  devise  rules 
for  the  preservation  of  magnets,  for, 
unless  kept  with  care,  and  with  the  ob- 
servance of  certain  prewutions,  they 
soon  lose  their  power. 

(■il3.)  Ifa  single  magnet  be  kept  in 
an  improper  position,thBt  is,  oneditfering 
much  from  that  which  it  would  assume  in 
consequence  of  the  action  of  terrestrial 
msgnetism,  in  process  of  time  it  becomes 
gradually  weaker ;  and  this  deterioration 
IS  most  accelerated  when  its  poles  have 
a  position  Ihereverseof  Hie  natural  one. 
Under  these  circumstances,  indeed,  un- 
less the  magnet  be  made  of  the  hardest 
steel,  it  will  in  no  long  time  lose  the 
whole  of  its  magnetic  power.  Two 
magnets  may  also  very  much  weaken 
each  other  if  they  be  kept,  even  for  a 
short  time,  with  their  similar  poles 
fronting  eachother.  The  polarity  ofthe 
weaker  magnet,  especially,  is  rapidly 
impairi^d,  and  sometimes  is  found  to  bq 
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actoallr  revened.  More  freqUenfl;,  how<  Kg.  AS. 

ever,  there  ariw*,  from  (his  opposition 
of  powers,  coniidereble  irr^ularily  and 
confusion  in  the  potei  of  tiolh  magnets. 
Ileat,  M  ve  hitve  seen,  impairs  mag- 
nelism:  care  should  thenfore  be  taltin 
lo  avoid  exposinR  magnets  to  a  hiffh 
temperature.  We  should  likewise  be 
very  cautious  to  avoid  all  rough  and  a 
violeDt  treatment  of  a  magnet;  forne  of  the  projection*  need  not  exceed  tb* 
have  seen  how  quickly  its  virtue  is  lost  tenth  of  an  inch ;  and  so  in  proportion 
by  any  concussion  or  vibration  among  for  larger  hadstones.  The  thidmesi  of 
hi  particles.  A  fall  on  the  floor,  espe-  the  plates,  also,  must  be  regulated  hy 
cially  if  it  strike  against  any  hard  sub-  the  strength  of  the  loadstone,  and  can 
stance,  will  malerialls' weaken  it;  rub-  scarcely  be  determined  irilhout  previous 
bingwithooarsepoKders.forthepuipose  trial  in  each  particular  case.  The  best 
of  polishing  it,  and  grinding,  in  order  lo  way,  therefore,  is  to  make  them  tolera- 
bringittoany  required  form,  areequally  biy  thick  at  first ;  and  then  file  offsuc- 
injurious.  A  natural  loadstone  will,  in  cessive  layers,  until  we  find,  by  actual 
like  manner,  auffer  by  such  an  operation ;  experiment  on  the  power  of  the  loadstone 
hence  we  should  attempt  (o  alter  its  natu-  after  each  reduction,  that  we  cease  to 
ral  form  as  little  as  passible ;  and  when  obtain  any  advantage  ;  for  the  power 
it  is  necessary  to  do  so,  it  should  be  increases  gradually  lo  a  certain  limit, 
effected  veryrapidly  by  cuttingitbriikly  at  which  the  filing  ought  to  be  discon- 
in  the  thin  discs  of  a  lapidary's  wheel.  tinued.  The  armature  of  a  loadstone 
(214.)  Although  the  loadstone  retains  should  be  fixed  on  it  very  firmly,  b* 
it*  magnetic  vitiue  more  tenaciously  wires,  or  by  an  external  caae,  whien 
than  any  artificial  magnet  that  can  should  he  made  of  any  metal  which  ii 
be  constructed,  yet  even  this  body  re-  not  susceptible  cf  magnetism.  Load- 
quires  a  certain  management  for  the  stones  are  sometimes  cut  into  a  spherical 
permanent  preservation  of  its  power,  shape,  in  imitation  of  the  earth,  and  are 
For  this  purpose  it  should  be  armed,  as  then  calle  i   terretla.     Their  annal 

it  is  called;  that  is,  an  armature  of  iron  should,  in   that  case,  be  adapted  tc 

shouki  be  applied  to  both  its  poles.     In  curvature   of  (he  surface,   and  should 

order  to  do   this    most   effectually,  we  each  cover    about    a  quarter  of   that 

must  first  ascertain  the  situation  ul  the  surface. 

poles  of  the  kjadstone;  and  cutting  off  (216.)  The  addition  of  armatunsto  a 
all  the  superfluous  parts,  give  it  the  loadstone  is  found  to  have  avery  favour- 
shape  of  a  parallelopiped,  having  the  able  effect  in  augmenting  its  strength, 
noles  in  the  middle  of  two  opposite  sur-  and  this  increase  of  strength  goesonfor 
taces,andattheiametimetaHingcareto  a  considerable  time  after  thej'havc  been 
preserve  the  axis,  which  passes  through  applied.  But  there  is  anctber.  and  « 
the  poles,  of  as  great  a  lenelh  as  can  be  still  more  important  advantage  resulting 
obtained :  for  it  has  been  observed,  that  from  thero.  in  enabling  us  to  direct  the 
any  eurlailment  of  the  magnet  in  the  power  of  the  loadstone,  and  to  cuticen- 
direction  of  this  line  deprives  it  of  force  trate  it  into  a  small  spHce.  The  polarifiea 
in  a  greater  decree  than  when  shortened  of  loadstones  are  often  diffused  over  a 
in  any  other  t'lrection.  considerable  part  of  their  surface ;  and 
(215.)  Two  plates  of  veir  soft  \rtyn  these  scattered  forces  could  never  t>e 
must  next  be  provided,  equal  in  breadth  made  to  bear  upon  any  point  on  which 
to  the  surfaces  containing  the  poles,  and  they  are  requirol  to  act,  unless  by  the 
a  little  loi^r  than  those  surfaces;  so  intermedium  of  some  substance  which 
that,  when  applied  to  them,  a  portion  of  might  collect  and  unite  them.  The  iron 
each  plate  shall  project  tveyondiheload-  armatures  supply  this  intermedium, 
stone  to  a  small  extent.  In^.  SS,  Rr  They  receive  al  their  expanded  part  the 
represent*  the  lectioni  of  these  iron  inductive  infiuence  of  dl  the  scattered 
plates  a^ed  to  the  opposite  udes  of  the  poles  residing  in  the  aurtaces  to  which 
toadslone  L;  and  r  p  the  |»^}jecting  they  are  applied;  and  (his  infiuence 
raeces.  These  projecting  pieces  should  t>eing  tmnsferred  to  the  narrow  cxtrs- 
oemuchaarrowerthan  theotherportion  mily,  is  there  concentrated,  and  acta 
ottfaeplatei.  For  loadstones  weiring  with  full  effect.  By  this  expedient  also, 
iMf  t)|W)  aa  ounpe,  the  lower  surfaeea  (be  resultMit  foroe^  derived  from  cmH 
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linBile  poTe,  u«  bron^ht  nur  to  each 
nther,  and  their  diTeotions  rendered  pa- 
nlltl :  they  are,  therefore,  made  to 
conspire  in  various  aotions  which 
require  the  joint  operation  of  both 
poles,  auch  u  that  of  eliciting  mai^e- 
tisTD  by  the  double  touch.  The  Bane 
adrantaf^e!!,  indeed,  are  procured  t)y  tbit 
eonitruelion  m  ne  hate  already  aeen 
obtain  in  the  case  ot  horse-ahoe  mag- 
nets when  compared  with  straii^ht  mag- 
netic bars.  Thus  we  find  that  a  loi^ 
stone  which,  in  the  natural  state,  would 
appear  to  be  exceedingly  feeble,  will  pos- 
sess, when  properly  armed,  very  consi- 
derahle  m^oetic  powers. 

(217.)  lAe  armature  of  a  loadstone 
not  only  oontribntei  to  exalt  its  marnet  ic 
virtue,  but  alio  furnishei  us  with  the 
means  ol  preservinR  it  uninjured.  Its 
two  poles,  bein^  now  transferred  to  the 
extremities  of  the  armatures,  or  to  each 
/oot  of  the  Bjmature,  as  il  has  been 
called,  on  connecting  these  poles,  by  ap- 
plying to  them  a  bar  of  soft  iron.  A  (Jig. 
S8^  we  may  etfectually  prevent  the  diasi- 
palion  of  their  ma^etism.  This  cross- 
bai  performs  a  similar  function  wilh 
relatiun  to  these  poles  that  the  iron  plates 
do  to  the  loadstone  itself — it  acts  as  a 
secondary  armature ;  and  we  find,  after 
applyinc  this  bar,  that  the  apparatus 
gradually  acquires  greater  power  up  to 
a  certain  limit.  Such  therefore  is  the 
mode  in  which  loadstonet,  when  not  in 
use,  should  always  he  kept,  with  a  view 
to  the  preservation  of  then  powers, 

(218.)  Directions  of  ■  similar  kind, 
and  derived  from  the  same  prineiplea, 
apply  also  to  the  preservation  of  aTtificial 
millets.  Horse-shoe  mafrnets  should 
have  a  short  bar  of  loft  iron  (A,^.  59) 
Fig.  sg.  adapted  1o  connect  the  two 
poles,  and  ishould  never  be 
laid  by  without  havinir  such 
a  piece  of  iron  adhering  to 
them.  Bar  magnets  should 
be  kept  in  pairs,  lying  pa- 
rallel to  each  other,  with 
their  poles  turned  in  con- 
trary directions,  and  tiM  dis- 
nmilar  poles  on  each  side 
connected  tiy  a  bar  of  toft 
iron;  so  that  the  whole  may 
form  a  ^atlelogram  as  in 
Hg.  60.  They  should  At  into 
V  a  box  when  thus  atranged, 

■0  as  to  guard  ai^ainst  accidental  con- 
cussions, and  to  preserve  them  firom  the 
dampness  of  the  atmosphere.  Magnets 
hIioiiIiI  be  polislied,  not  indeed  with  a 
view  ru  the  increase  of  tbeir  inagiietisin. 


should  he  marked  with  a  line  aJ!  n 
In  order  to  distinguish  the  respective 
poles  in  eaeh  magnet. 

Chapter  VI. 
Magnelxe  buimmtnU. 
(319.)  Ii«  every  branch  of  science, 
the  vdue  of  a  correct  theory  is  best 
estimated  by  the  extent  and  importance 
of  its  practical  applications.  The  nearer 
its  approach  to  perfection,  the  fiTeater 
the  assistance  we  derive  liram  It  in  con- 
structing instruments  for  the  acuurate 
measurement  of  spaces,  of  times,  or  of 
force^i,  and  for  the  accomplishment  of 
the  ot^ecls  which  relate  to  that  particu- 
Isr  Kcience.  It  is  thus  that  in  mag- 
netism, if  the  theory,  developed  in  the 
preceding  part  of  this  treatise,  be  cor- 
rect, it  ought  to  furnish  principles  for 
tht^  construction  and  management  of 
magnetic  instnimenls,  such  as  !he  com- 
pass, dipping-needle,  &c  Oar  limits 
permit  us  only  to  point  out  the  leading 


$  1.  Of  the  Compatt. 

(320.)  The  term  oompa*!  is  a  general 
name  for  all  instruments  calculated  to 
indicate  the  position  of  the  magsetie 
meridian,  or  of  objects  with  reference  to 
that  meridian,  whether  adapted  for  being 
used  on  land,  and  in  the  bottoms  of  minea, 
where  we  have  a  stable  support  at  com- 
mand, or  for  otjservaiion  at  sea,  where 
the  perpetual  agitation  of  the  surface 
deprives  us  of  ttmt  advantage. 

The  first  class,  which  merely  show 
ns  the  direction  of  the  magnetic  meri- 
dian, includes  the  Land  Cotmaati.  the 
Manner*  Compait,  and  the  Variiuion 
Cmrntau ;  the  second,  or  those  which 
marK  the  angular  distances  of  objects 
from  this  meridian,  are  called  Aximulh 
Conqxutti. 

(221.)  Whatever  modtficattons  may 
be  rendered  neeessaiy  by  the  particukr 
purpose  of  the  compass,  the  essential 
parts  o(  which  it  consists  are  the  samt 
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in  all— Dftmelf.  a  maiTietiied  bar  of  ibhw  ntinner  h)  eaeh  cue.    lUi  pres- 

Rtcel,  trpnerally  termed  the  needle,  Hkt*  lure  it  proportional  to  Ihe  neiKht  of 

ing  at  iti  centre  a.  cap  fitted  lo  it,  which  the  needle   uid  the  parta   which  turn 

is  auppoiled  on  a  sharp-pointed  pivot  wilh  it.      Coulomb  concluded,  from   n 

fixed  in  tlii>  base  of  the  instrument    In  Bet  of  experimenla  he  made  with  a  view 

the  manner's   compass,   the  needle  it  lo  axcertain  this  particular  point,  that 

also  affixed  lo  a  circular  plate,  or  card,  when  the  pivots  terminate  m  a  sharp 

the  circLimference  of  which  is  divided  point,  and  the  capa  are  made  of  very 

into  degrees,  while  an  inner  ciide  de-  hard  materials,  the  friction  ij  ver]r  nearly 

■eribed   upon   it    is  mnrked  with   the  proportional  to  the  square  root  of  the 

thirty-two   points   of   the  compaM.  or  cube  of  the   weightc.     But  after  long 

rAiU7i6(,  Bs  they  are  called.    The  pivot  of  use,  the  point  of  the    pivot  becomes 

support  risfs  from  tlie  bottom  of  Bcircu-  blunted,  and  the  furface  of  contact  with 

lar  box,  whicli  contEuns  the  needle  and  the  bottom  of  the  cap  is  considerably 

its  card,  and  is  covered  with  a  piece  of  enlarged.     In  this  state  Ihe  friction  is 

kIrbs,*  in  order  lo  protect  (hem  from  found  lo  be  simply  proportional  to  Iba 

dust,  and  prevent  their  beint;  disturbed  pressure. 

hy  the  agitations  of  the  eitemsl  air.  <!24.)  Auuming  this,  then,  tobeW' 

The  oompass  box  is  suspended  within  a  law  of  rrialion  between  them,  let  u« 

larger  box,  by  means  of  two  coneenttie  take  a  maffnetiied  needle  of  any  pven 

bran  circles,  or  gimbali,  u  they  are  size  and  shape,  and  support  it  upon  a 

called;   the   outer  one  bein^  fixed  by  pivot  in  the  usual  manner.    Let  us  nest 

boriiontal   pivots,    both  to   the    inner  place  upon  it  viother  needle,  precisely 

circle  which  carries  the  compass  t)ox,  similar  in  all  its  dimensions,  ajid  mai;- 

and  also  to  the  outer  box;  and  the  two  netiied  to  the  same  degree.    The  prea- 

sets  of  axes  bein;;  in  directions  at  rig^ht  aure  on  the  uivol  will  now  be  double 

ansles  to  one  another.    By  the  combi-  what  it  was  before;  and  therefore  Ibe 

nalioDS  of   movements  determined    by  friction,  which  is  proportional  to  that 

these  axes,  the   inner   circle,  with  the  pressure,  will  be  double  also.    But  th« 

compass  box  and  its  contents,  always  directive  force,  though  increased,  will 

retains  a  hoiiiontal  position,  during  the  not  be  twice  as  great  as  with  the  sinfcle 

TollinK  of  the  ship.  needle ;  because,  as  v>as  formerly  shomi, 

(222.)  The  dualities  required  in  the  the  reaction  of  the  similar  poles  of  the 

needle  of  the  compass,  for  the  perfect  two    magnets   tends    to  diminish    the 

perfonnance  of  its  office,  are  these: —  power  of  each.    Hence  the  ratio  be- 

flrit,  iU  directive  force  compared  with  tween  the  directive  force  and  the  resist- 

its  weight,  or  with  the  mass  which  that  ance  ii  diminished,  and  the  oompountl 

power  has  to  set  in  motion,  should  be  needle  is  leas  sensible  to  the  mugneliu 

as  great  as  possible;   while,  secondly,  influence  of  the  earth,  and  less  lilted  for 

the  impediments  to  the  exertion  of  that  indicating  ihe  magnetic  points  of  (he 

force,  and  which  consist  principally  in  compass.    Ttje  same  mode  of  reosoninj^ 

the  friction  between  the  cap  aii<t  pivot,  applies  to  any  increase  of  thickness  that 

should  be  as  small  as  possible.    Hence  may  be  given  to  the  needle.    Hence  it 

it  become*  important  to   consider  the  appears,  that  when  all  other  conditions 

relation   subsisting   between   Ihese  op-  are   the   same,   needles   of  very   sm«ll 

posing  forces,  and  to  ascertain   thone  thiciinesa  possess  the  greatest  senaibi- 

conditions  which  give  the  greatest  pre-  lity  to  terrestrial  magnetism.    To  this 

ponderance  to  the  directive  force.  (teneral  proposition  there  is,  however,  a 

(2£3,)  The  friction  that  lakes  place  limit ;  inasmuch  as  excessive  thinness 
between  the  pivot  and  the  cap  wliich  in  Ihe  needle  would  endanger  its  bend- 
rests  on  it,  will,  in  different  compasses,  iog  by  its  own  weight,  which  would  be 
bear  a  certain  proportion  to  the  pressure  attended  with  a  considerable  loss  of 
on  the  points  of  support,  provided  these  power. 
parts  are  constructed  precisely  in   the  (22S,)  With  regard  to  the  most  ad- 

— —  ■   ■ vanlageoua  length  for  a  comjiass  needle, 

*;X*!S«  i"f«'..'''ii!"S,"™;.:ft  '■  ■?(«■"  !>■■'  "1'™  "•  i";''  i—"!  • 

KCMiim  ■  HMihle  dMutbuH  of  ihi  nndir,  by  certain  limit,  which  IS  about  five  muties, 

iiUKtini  lu  chU.   Tiiii  ■iDicUan.  vhin  II H-  an  increase  of  lenirth  is  accompanied  by 

l^.S"„,*f.;'.?™  ''?i:''ES,''J.':?;'',^"f,'i,'  an  increase  in  the  directive  fo™  in  the 

Misoiuil  same  proportion;' but  when  the  thict- 

x^W^  ""'"  remains  the  same,  the  weight,  and 
consequently  the  frictlOD,  .' 
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tha  vay  Bune  ratio ;    no  tdnDtaee,  kind  wu  pierced,  u  shown  in  Jig.  61 ; 

therefore,  as  to  directive  power  can  De  the  weight  so  iost  being  mads  up  b; 
ohtained   by   any  increase   of  length.  f-     ci 

Beyond  the  liroit  just  DientianEd,  there-  V'  ^'' 

fore,  all  needles  bavinff  the  same  trans- 
rerse  dimensions  should,  according  to 


tice,  that  needles  which  exceed  a  rery  additioTwl  thickness.    It  is  eviclent  that 

moderate  length  are  liable  to  ha¥e  seve-  these  pierced  needles  had,  though  of 

ral  consecutive  poles,  attended,  u  we  equal  masa,  much  less  extent  of  surface 

have  seen,  with  a  great  diminution  of  than  those  which  remained  solid.  Hav- 

directive  force.     On  this  account,  short  ing  formerly   h»d  in  his  po»se«aion  a 

needles,  made    exceedingly   hard,    an  compass   of  extraordinary  power,   the 

generally  preferable.  needle  of  which  was  (imposed  ol  pieues 

(236.)    The   next    object   of  atten-  of  steel  wire  put  together  in  the  shape 

Jtion  in  the  construction  of  a  compass  ot  a  rhombus,  he  procured  two  needles 

needle  is  the  shape  which  is  most  fa-  of  this  form  {Jg.  63),  made  from  a 
Tourable   to    the    acquisition    of     the  Fig.  62. 

greatest  directive  power.  Various 
have  been  the  forms  giren  to  com- 
pass needles ;  the  ehuice  having  been 
T^ulated  more  by  the  whim  and  fancy 
of  the  maker,  than  by  any  reference  to 

scientific  prindpten.    The  forms  most  piece  of  clock  spring,  which  is  of  (hat 

frequently  met  with  are  the  i^lindric,  kind  of  steel  called  shear  steel.    In  one, 

the   prismatic,  that   of   a  rhombus  or  the  cross  piece  was  of  brass;   in  the 

parallelogram,  and  that  of  the  fiat  bw,  other,  formed  of  pari  of  a  clotk  spring, 

tajierinc  like  an  arrow  at  the  extremi-  They  weighed  only  4S  gniini. 
ties.    Coulomb,  who  made  many  expe-        (22S.)   The  results  of  the    inquiry 

riments  on  the  subject,  gave  a  deciaed  were,  that  shear  sleel  is  capable  of  re- 

preti^rence  to  the  last  mentioned  of  these,  ceivinc  the  greater  magnetic  forra  ;  and 

US  being  that  which,  with  a  given  weight  that  the  pierced  rhombus  is  the  hest 

of  needle,  retains  the  strongest  directive  form  for  a  compass  needle.     Nredles  of 

furce.      Un  the  other  hand,  he  tbund,  ca.it   sleel   were   also    tried,   but   were 

tliat  any  expansion  of  the  needle  at  its  found  so  very  inferior,  as  at  once  to  be 

extremities,  a  form  which  has  sometimes  rejected.    In  the  same  plate  of  steel,  o( 

been  recommended,  is  attended  with  a  the  sice  of  »  few  square  inches  only, 

sensible  diminution  of  power.   fVom  the  portions  are  found,  varying  considera- 

whole  of  his  experiments,  he  was  led  to  bly  in  their  capability  of  receiving  mag. 

^\\e  ceneral  conclusion,  that  in  needles  netism,  though  nut  apparently  differing 

of  the  same  form,  their  directive  forces  in  any  other  respect. 
are  to  each  other  as  their  masses.  (:j29.)    Captain  Kaler  next  eadea- 

(227.]  This  inquiry  has  been  still  fur-  voured  to  determine  the  effects  of  va- 
ther  pursued  by  Captain  Kater,  whose  rious  modes  of  hardening  and  lem- 
paper  in  the  Philosophic^  Transactions,  pering  Iha  needles.  He  found  that 
already  tiUuded  to  (J  201),  contains  an  hardening  a  needle  throughout  consi- 
account  of  a  series  of  experiments  for  derablyduninishes  its  capacity  for  mag- 
determining  the  best  kind  of  steel  for  netism.  The  greatest  directive  force 
a  cumpass  needle,  and  the  best  form  was  obtained  by  a  needle  which  wa* 
that  can  be  givan  to  it.  He  found,  soft  in  the  middle,  and  its  extremi- 
on  comparative  trial,  that  the  directive  ties  hardened  at  a  r«d  lieat.  He  at 
torce  is  little,  if  at  all.  Influenced  by  first  thought  that  the  most  effectual 
extent  of  surface,  but  depends  almost  means  of  increasing  its  retentive  power, 
entirely  on  the  mass  of  the  needle,  wouU  be  first  to  soften  it  throughout, 
when  magnetised  to  saturation.  Two  and  then  harden  it  at  the  extremities, 
Deedles  were  prepared  of  that  kind  instead  of  first  entirely  hardening  it,  and 
of  steel  which  is  called  blistered  steel,  afterwards  softening  it  in  the  middle, 
and  two  of  spur  steel,  each  weighing  But  subsequent  experience  induced  him 
66  grains.  They  were  of  the  form  of  a  to  attribute  the  difference  of  effect  to  a 
long  ellipse,  five  inches  in  length  and  difference  in  the  degree  of  heat  to  which 
ball  an  inch  in  width.     Onu  of  each  (he  needle  is  exposed  in  sotleniDg  it  in 
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the  middle.  Repnted  espomre  to  beat  di*po«ition  of  the  mtgnrtie  power  of  a 
wu  found  coiubder>bl]r  to  impair  ttw  steel  bur,  whatever  ihape  we  may  grra 
susceptibility  of  the  needle  to  retain  the  to  it,  or  whatever  process  we  may  em- 
magnetic  power  communicated  to  it ;  plo;  for  its  magnetuation. 
an  effect  which  does  not  appear  to  be  (233.)  The  consequence  of  the  ttn- 
owing  to  any  decarbonization  of  the  equal  distribution  of  magnettim  on  the 
ateel  Captain  Kaler  luitgeits  that  this  two  sides  of  the  needle,  is  evidently  to 
deterioration  may  arise  from  a  penna-  produce  a  deviittion  of  its  axis  from  the 
nent  expansion  produced  in  the  textm^  true  mnrnetic  meridian ;  and  the  inatro- 
of  the  steel  by  the  repeated  application  ment  will  therefore  hit  to  point  ont  the 
of  heat ;  for  the  sprinf^  of  clocks,  real  direction  of  this  meridian.  Tliere 
which  was  Ihe  malenal  used  in  his  ei-  is  only  one  way  of  diicovering  the  mi- 
perimenls,  tKing;  made  by  passini;  the  iitence  and  the  smount  of  Ihe  deviation 
ateel  througb  rollers,  when  it  underlies  proceedtni;  from  this  cause;  it  is  to 
icreat  compression,  it  is  probable  that  reverse  the  needle,  that  is,  to  tara  up- 
the  state  of  condensation  Itius  induced  wards  that  surface  which  was  before  tne 
is  exceedingly  favourable  to  the  reteh-  mider  aur&ee ;  and  when  thus  reversed 
tiim  of  ma^etism.  to  balance  It  as  nearly  as  possible  in  the 

(230.)    The  process  which,   on   the  same  point  in  Its  axis  as  that  on  which 

whole,  he  recommends  as  the  most  ef-  it  wai  before  supported.    If  the  needle, 

feolual  for  ^ivin^  to  a  needle  the  great-  in  this  new  stale  of  suspension,  finally 

est  susceptibility  of  directive  power,  is  settles  in  a  position  somewhat  different 

first  to  harden  it  throughout  at  a  red  from  that  it  before  assumed,  we  may 

heat,  and   then   to   soften   it  from  the  conclude  that  the  axis  indicated  by  it* 

middle  to  within  an  inch  of  each  extre-  figure  is  not  its  true  matcnetic  axis  ; 

mity,  hy  exposing  it  to  a  heat  sufficient  and  that  the  latter,  which  alone  tends  to 

to  cause  the  blue  colour  which  ariset  arrange  itself  in  the  magnetic  meridian, 

agun  to  disappear.  lies  in  a  situation  exactly  bisecting  the 

(231.)  The  effect  of  previonsly  po-  two  positions  assumed  hy  ttie  needle 

Hshing  the  needle  to  bt  magnetized  was  in  these  two  diffiirent  modes  of  suspen- 

not  found  by  Captain  Katerto  have  any  lion. 

sensible  influence  on  its  capacity  for  re-  (234.)  When  compasses  are  con- 
ceiving directive  power.  Neither  did  slrueted  of  two  separate  pieces  of  steel 
any  advantage  result  from  the  employ-  bars,  slightly  bent  at  an  obtuse  angle  in 
ment  of  increased  pressure  in  applying  the  middle,  so  as  to  allow  a  spaue  for 
the  magnets  over  the  surfaces  of  the  the  placing  of  the  brass  cap  on  which 
needle  during  the  process  for  magnet-  It  is  to  be  luspended  at  the  centre,  and 
inng  them  ;  but,  on  the  contrary,  in  the  two  {ueces  joined  by  their  rxtrenti- 
one  instance  it  seemed  to  bt  attended  ties  so  as  to  compose  a  lozenge-shaped 
with  a  diminution  of  efitct  combination,  th^  are  exceedingly  liable 

(232.)  It  is  an  important  requisite  in  to  the  imperfection  just  noticed.  For, 
a  compass  needle  that  its  polarities  unless  the  ends  of  the  tepsrate  pieces 
should  be  concentrated  as  much  as  which  compose  such  a  needle  have  Iieeii 
possible  in  its  two  extremities,  and  un-  brought,  by  tempering,  to  an  exactly 
disturbed  by  the  action  of  any  (wnse-  eauai  degree  of  hardness,  that  rl(M 
cutive  poles  existing  at  intermediate  wtiich  is  the  hardest  will  retain  more 
points.  We  have  already  had  occasion  magnetic  power  than  the  other  side  ; 
to  remark  (j  193)  how  much  the  direo-  and  will,  consequently,  have  a  stronger 
tive  force  of  a  needle  is  impaired  by  tendency  to  place  itself  in  the  magnetic 
trregularilies  in  the  distribution  of  its  meridian.  The  needle  will,  accordingly, 
magnetism,  attended  either  by  a  multi-  incline  on  the  side  which  favours 
plicity  of  poles,  or  by  an  inequality  in  this  tendency,  and  the  line  joining  its 
the  strength  of  the  two  principal  poles,  extremities,  and  which  must  be  rewded 
It  is  on  this  account  that  Dubamel'a  as  the  axis  of  itt  figure,  will  deviate 
process  of  magnetizing  is  so  much  pre-  from  the  magnetic  meridian.  This  evil 
finable  to  that  of  ^pinus  for  imparling  will  have  a  tendency  to  increase  l)y 
mi^etism  to  compass  needles ;  being  time :  for  the  stronger  magnetism  of  one 
more  conducive  to  uniformity  of  effect  side,  will  tend  first  to  impair,  and  at 
in  every  portion  of  the  needle.  But  length  destroy,  or  even  finally  to  re- 
even  with  all  Ihe  care  that  can  be  verse,  the  polarities  of  the  parts  on  Ihe 
bestowed,  we  cannot  alwavs  be  certain  other  side  to  which  tliey  are  adjacent. 
Of  obtainii^  perfect  regularity  ia  the  (239.)  The  mode  in  which  compMt 
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needlei  are  to  be  luipeiiiled,  i»  well  <le-  magnetic  force  which  pves  them  mo- 

terving  of  attention.  In  order  to  pro-  tion,  snd  the  fiiclion  ilso,  beiq;  aug- 
vide  a  concave  surface,  by  which  the  mented  in  the  tame  proportion,  con- 
needle  may  rest  on  the  mvot  which  is  to  aplrei  to  diminish  the  freedom  of  the 
support  it,  inch,  that  the  point  of  siis-  motion  I'f  the  needle,  and  lo  impair  its 
pension  may  be  just  above  the  centre  of  sensibility. 

Jtravity,  it  is  generally  necessary,  in  the,  (23?.)  Thebeatpreeautiontobetaken 
straight  needle,  to  make  a  perforation  in  fur  ensurine-  the  steadiness  of  the  move- 
its  uentre,  and  to  rivet  into  the  hole  a  mentsof  the  eompasi,  under  all  circum- 
piece  ot  hammered  brass,  the  lower  side  stances,  in  to  balance  the  needle  accii- 
of  which  has  been  hollowed  into  a  coni-  rale)^  upon  its  centre,  before  the  card  is 
cal  cavily,  while  its  upper  convex  sur-  applied.  Care  should  be  taken  that  |ha 
face  is  allowed  to  project  a  little  above  card  is  uniform  throughout  in  its  thick- 
Ihe  level  of  the  upper  surface  of  the  nesa  and  texture,  and  be  perforated  wilh 
needle.  Itii  found, nowever.thatbnuais  a  circular  hole  in  its  centre,  so  that 
not  capableofbeingrendered  sufficiently  when  united  to  the  needle,  the  equili- 
hard  lo  resist  the  continued  action  of  the  brium  of  the  whole  may  be  perfectly 
point  aeainst  which  it  rubs  in  every  mo-  preserved.  In  order  to  fix  it  to  the 
tionof  IhuGompass.  In  process  of  time  needle,  the  latter  is  tapped  witb  two 
it  it  »oni  into  an  irregular  hole,  giving  imall  screw-holes,  at  the  distance  of 
rise  to  great  friction,  and  loss  of  mobi-  about  half  an  inch  from  each  end ;  and 
lity  in  the  compass.  This  defect  is  the  card  being  placed  so  that  the  meri- 
usuatly  remedied  by  inserting  in  the  dian  line  marked  on  it  is  in  the  same 
upper  part  of  the  brass,  a  piece  of  po-  vertical  plane  with  the  axis  of  the  needle, 
lished  agate,  ground  concave,  with  a  da-  and  holes  being  made  in  it  opposite  lo 
eided  centre.  The  best  compasses,  made  those  in  the  needle,  small  screws  are  in- 
fer nautical  use,  are  thus  fumished  with  troduced,  so  as  firmly  lo  fasten  them 
agate  caps.  together.  In  order  to  secure  the  steadi- 
<23a.)  Some  haveconndered  the  per-  ness  of  the  compass  during  the  violent 
foraliun  of  the  needle  at  the  centre,  for  and  irregular  movements  to  which  the 
the  purpose  of  saspension,  as  prejudieial  ship  is  liable,  the  suspension  of  the  box 
to  the  regularity  of  the  magnetic  power,  bj  the  gimbals  should  be  made  with 
and  as  tending  to  the  creation  of  an  ad-  great  care;  the  several  axes  of  motion 
ditional  number  of  pole*.  But,  in  re-  being  so  adjusted  as  that  the  point  of 
ality,thedere,ngenient  occasioned  bythe  suspension  on  which  the  needle,  withiti 
perforation  of  a  magnetic  bar  at  the  card,  is  supported,  be  exactly  in  the 
point  of  neutrality,  is  not  found  to  be  at-  same  hne  with  both  these  axei. 
tended  wilhany  sensible  inconveniences  (338.)  Complaint*  are  frequently 
in  practice*.  If  the  shape  given  to  the  mads  by  leamen,  that,  in  arough  tea, 
needle  lie  that  ofthe  pierced  rhombus,  the  ordinary  compasses  are  so  unsteady 
as  recommended  by  Obtain  Kater.  no  aa  to  prevent  Ineir  being  easily  ot>- 
aueh  objection  will  arise,  aincethe  cross-  lerved;  an  inconvenience,  whiLb  they 
bar  wbicti  connected  the  obtuse  angles  are  apt  lo  ascribe  to  the  needle's  being 
of  the  rhombus  has  nothing  to  do  with  too  strongly  magnetic,  and  therefore  too 
the  magTietism  of  the  steel  bars  formiiw  euily  disturbed  by  the  irregularities  in 
Ihe  sides  of  the  parallelogram.  It  would,  the  motion  of  the  vessel.  This  supposed 
no  doubt,  be  easy  to  balance  a  strm^ht  defect  they  endeavour  to  remedy  by 
bar,  without  temuving  any  part  of  its  adding  a  weight  to  Ihe  card :  and  this  it 
substance,  by  the  admlion  of  a  rim  of  often  done,  very  injudiciously,  by  load- 
copper,  or  other  non-magnetic  mbstance,  ing  it  with  s^ing-waz.  Sometimes 
to  the  circumference  ot  the  card,  so  that  they  stick  a  tew  pieces  of  paper  on  the 
the  centre  of  gravity  of  the  moveable  under  side  of  tiie  card,  to  serve  as  vanei 
part  of  the  instrument  may  be  brought  which,  acting  upon  the  air,  may  create 
sufficiently  low  to  be  nnder  the  point  of  a  resistance  to  the  oscillationi  of  the 
Kuspenswn.  But  a  little  reflection  will  needle.  It  has  even  been  proposed, 
khow  that  more  would  be  lost  than  with  a  similar  design,  to  make  tlw 
cained  by  this  expedient ;  fur  every  ad-  needle  move  in  oil,  or  other  liquid, 
dition  that  is  made  to  the  weight  of  the  keeping  it  still  suspended,  as  usuaJ.  on 
parts  which  have  to  move  along  with  its  pivot— the  fluid  serving  to  check  the 
the  needle,  lessens  the  efHcacy  of  the  vibrations.  But  all  these  expedients, 
dculated  to  diminish  the  motali^  of 
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tion  of  iti  directive  force.areprodiiciive  seen,  variei  in  dififerent  putt  of  th« 

of  an  evil  of  a  mnch  more  serious  kind,  world,  according  to  the  nluation  of  the 

than  any  that  can  arise  (roto  mere  un-  place  with  regard  to  the  magnetic  poles 

steadiness:  for   it   is  evident  that  the  ofttieearlh.     Hence,  when  the cooipais 

very  same  cause  which  makes  the  com'  is  transported  to  a  distant  part  of^the 

pass  pnrtake  of  the  irrezular  motions  of  ^obe,  a  ditTerent  adjustment  must  be 

th«  snip,  forces  it,  in  the  same  decree,  made  of  the  weii^ht  applied  to  comet 

to  deviate  from  ilt  proper  position  in  the  tendenn' to  dip.   Tnese  adjustmenti 

the  ma^etic  meridian.    While  the  card  are  t>est  eSected  bj  means  of  a  sliding; 

remwns  apparently  steady,  the  steers-  piece  of  brau  placed  under  the  needle, 

man  wiUpiimuehiicourse,  unsuspicious  and  the  position  of  which  may  clianf^, 

of  danger,  until  the  &rst  warnine-  of  hia  according  to  circumstaDcea,  on  the  one 

error  may,  (lerhaps,  be  the  sudden  ap-  atde  or  the  other,  to  any  distance  that 

pearance  of  ashore,  from  which  he  had  may  l>e   necessary      In  long  voyages, 

imagined  himself  at  a  considerable  di»-  duritig  which  the  changes  of  latitude  are 

tance.     The  real  remedy  for  the  incon-  considerable,  the  position  of  this  regu- 

venient  vacillations  of  Ihe  compass  is  laling  freight  requires  to  be  frequently 

that    we    have    already    pointed   out,  ahiftol,  in  order  to  accommodate  the 

namely,  the  accurale  adjustment  of  the  needle  to  the  varying  changes  of  indi- 

point  of  suspension  in  the  line  of  the  axis  nation  incident  to  Ihe  variations  of  lati- 

of  rotation  of  the  gimbals,  which,  as  we  tude. 

have  before  observed,  ouicht  to  intersect  (240.)  The  Azimuth  Compass  differ* 
one  another  at  right  angles,  in  that  from  the  ordinary  Mariner's  Compaai 
■sme  point.  In  addition  to  this,  it  may  only  in  the  ciieumference  of  its  inner 
be  advantageous  to  increase  the  tteight  boa  being  provided  with  sights,  through 
of  the  magnet,  provided  its  directive  which  any  object,  either  in  the  horiion, 
force  be  at  the  same  time  aui^ented.  or  atmve  it,  may  be  seen,  and  its  bear- 
Ttiis  may  be  effei;ted  by  eni[iloyiai;,  as  ings  from  the  magnetic  points  of  the 
the  compass  needle,  a  ma^et  of  greater  compass  determined,  b^  refereDce  lo  the 
thickness,  or  by  conibming  several  position  of  Ihe  card,  with  respect  lo  Ihe 
needles  together,  laying  Ihcm  parallel  to  sights.  For  this  purpose  the  whole  box 
one  another;  forif  both  the  magnetic  is  hunt;  in  detached  gimbals,  which  turn 
power  and  Hie  weiglil,  (and  conse-  on  a  strong  vertical  pin,  tixed  tielow  the 
<juently  the  fiiclion.)  increase  in  the  box,  which  is  thus  capable  of  lieing 
•ame  proportion,  the  directive  power  moved  round  horiiontally,  and  of  the 
will  remain  the  same  as  before;  and  the  sights  being  directed  to  whatever  object 
compass,  thus  constructed,  being  hea-  is  to  be  viewed  through  them.  On  one 
vier,  will  tie  deranged  to  a  less  extent  by  side  of  the  l>ox  there  is  usually  inseitetl 
the  same  disturbing  force  ;  and  when  a  nut  or  stop;  which,  when  pushed  in, 
deranged,  will  be  brought  back  by  the  presses  against  the  card  and  stops  it; 
directiveforce  to  its  proper  bearing,  with  ttiis  is  done  to  enable  the  observer  lo 
the  same  facility  as  in  an  instrument  of  read  ofi'  the  number  of  degrees  of  the 
the  ordiiiaiT  construction.  card,  which  correspond  with  an  index. 
<239.>  ft  is  lo  be  recollected  that  if  or  perpendicular  hne.  drawn  in  the  iiw 
a  needle,  in  its  unmaenetic  state,  be  so  side  of  the  box.  They  are  also  some- 
constructed  as  that  it  shall  b«  accurately  timesread  offbymeansofawire  stretch' 
balanced  tvlien  resting  on  a  point  at  iti  ing  from  one  sight  to  ttie  other  across 
centre,  and  shall  maintain  itself  iit  a  th^^Kntre  of  Ihecard. 
horizonlal  position,  and  if  it  be  after-  (!i4I.)  Aoalogous  tothisinstrumenti* 
wards  magnetized,  the  influence  of  ter-  the  land  or  nirveying-compass,  which  is  * 
restial  magnetism  will  cause  it  lo  as-  also  furnished  with  sights,  and  means  for 
■ume  an  inclined  position,  one  of  its  readingoff  the  degrees  on  the  card.  This 
ends  preponderating,  as  if  it  had  ac-  latter  object  is  etfected  in  a  very  inge- 

Siired   additional    wcighL      In    order,  nious  manner,  tiy  a  contrivance  of  Mr, 

erefore,  to  restore    the  equilibrium,  Schmalcalder,  for  which  he  procured  a 

and  bring  it    back  to  the    horiionlal  patent.  The  card  is  balanced  in  the  usual 

plane,  it  will  be  necessary  to  add  a  cor-  manner,  and  contained  in  a  round  birmst 

responding  weight  to  the  other  end  of  box,  with  two  sights,  the  one  to  which 

the  needle.  the  eye  is  applied  being  furnished  with 

The  degree  of  inclination  in  the  un-  a  triangular    pnsmatic   lens,   and    the 

balanced    needle,    depends     upon    Ihe  other  beingan  open  »ight,  with  avertical 

amount  of  the  dip,  wlueb,  as  we  have  hurse-hairline^stending  along  its  middle. 
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The  pupil  of  the  eje  bein^  bisected  sides  of  the  ihip,  and  the  "ompass  be 
hy  the  upper  edj^  of  the  pnim,  as  in  placed,  aa  is  usuh],  in  the  binnacle,  in 
the  Camera  Lucida,  the  object  andlhst  the  after  pari  of  the  ship,  this  resultant 
part  of  the  circumference  of  the  card  force,  nhich  represents  the  combined 
on  which  the  desrees  are  marked,  are  action  of  the  iron,  will  be  Eituated  in  a 
Keen  at  the  same  lime ;  the  former  by  vertical  plane  passing  through  the  corn- 
direct  vision,  the  latter  hy  reflexion  from  pass,  and  throug-h  the  axis  of  the  ship, 
the  internal  surface  of  the  inclined  bee  and  will,  moreover,  have  a  certain  in- 
ofthe  priim;  and  thus  the  coincidence  clinalion  to  the  horiion.  Inthenoithem 
of  the  two  may  be  accurately  noted,  repons  of  the  Rlobe,  the  inductive  in- 
A  prism  of  the  xame  kind  is  also  ap-  fluence  of  the  earth  on  unmaenetic  iron 
plied  in  Gilbert's  patent  Azimuth  Com-  consists  in  carryinz  the  soutriern  pola- 
pass.  rity  upwards,  and  the  northern  polarity 

(213.)  The  Variation  Compass,  de-  downwards,  ($  107,)  in  a  direction  pa- 
aizned  to  exhibit  the  diurnal  changes  of  mllel  to  that  of  the  dipping  needle.  The 
variation  in  the  horizontal  magnetic  action  on  the  compass  of  a  piece  of 
needle,  has  generally  a  needle  of  much  iron  thus  brought  into  a  state  of  in- 
Rreater  length,  than  Ihose  of  other  kinds  duction  will,  therefore,  he  precisely 
of  com]iasxes ;  and  as  it  is  not  required  similar  to  that  of  a  magnet  having  the 
to  move  round  the  wholecircumference,  position  of  the  dipping  needle,  and 
the  box,  instead  of  being  circular,  is  placed  at  a  considerable  distance  from 
oblong,  so  as  to  admit  of  a  deviation  of  the  compass.  If  it  he  placed,  with  re- 
only  20  or  25  degrees  from  the  middle  lation  to  the  compass,  exactly  in  the 
line.  A  vernier  scale,  with  a  maimifier,  magnetic  meridian,  (that  is,  to  the  maf- 
ia usually  applied  in  order  to  estimate  netic  north  or  south  of  the  compass,)  it 
the  changes  of  position  of  the  needle  can  have  no  effect  in  disturbing  its  po- 
wilh  gi-ealer  precision.  sition.  This  will  generally  be  the  caite 
I  .T.  .1  .  >  ...  ,■  *  ir  I  when  the  course  of  the  ship  coincides 
j2.   O/UuLoaUAtlraeitonqfyeuelt.  ^,h  ,he  magnetic  meridian,  and  the 

(343.)  The  indications  of  the  mart-  needleof  (he  compass  it  in  the  direction 
Der's  compass  at  sea  are  liable  lo  error  of  the  axis  of  the  ship.  But  if  (he  ship's 
from  a  cause  which,  till  lately,  had  head  he  turned  to  the  eastward,  and  the 
neverbeensupposed  capable  of  anbctitig  resultant  force  of  the  iron  in  the  ship  be 
the  needle.  It  consists  in  the  attraction  directed  in  a  line  downwards  from  the 
which  the  large  quantity  of  iron,  con-  compass,  that  force  will  be  represented 
tained  in  various  parts  of  the  ship,  exerts  by  a  magnet  placed  in  the  same  oblique 
upon  the  miignetic  needle:  for  although  line;  and  the  south  pnle  of  that  magnet, 
theactionofeach  individual pieceof  iron  bein^  uppermost,  will  act  with  most 
may,  at  the  distance  at  which  it  is  placed,  power,  and  will  attract  the  north  note  of 
be  quite  insensible ;  yet  the  united  action  the  compass  needle,  causmg  it  to  UEviate 
of  the  whole  quantity  dispersed  in  every  towatds  the  east  The  same  magnet, 
part  of  the  vessel,  may  amount  to  a  placed  to  the  westward  of  the  compass, 
considerable  sum,  and  occasion  a  very  which  would  correspond  with  the  ship's 
perceptible  deviation  of  the  compass  head  being  turned  to  the  west,  would  uc- 
from  its  true  position  in  the  magnehc  casion  a  westerly  deviation  of  the  corn- 
meridian.  Tills  will  happen  more  espe-  pass  needle.  In  the  southern  hemi- 
cialiy  in  ahips  of  war,  which  contain  a  sphere,  when  the  inductive  influenoe  of 
lai^e  numbn-  of  guns,  of  iron-shot,  and  the  earth  has  a  contraiy  direction,  the 
of  water-tanks,  and  various  parts  of  the  opposite  effects  would  result  from  the 
ftame-work  of  the  ship  which  are  now  action  of  the  iron  in  the  ship ;  for  the 
made  o(  iron.  action  wouU  (hen  be  represented  by  a 

(244.)    If  we  suppose  each  particle  magnet,  having  a  position  with  respect 

of  iron   to  exert   a  certain  attractive  to  its  poles,  the  reverse  of  what  it  had  in 

force  upon   the  magnetic  poles  of  the  the  former  ease. 

compass  needle,  according  to  a  certain  (245.)  The  earliest  record  of  any  ob- 
law,  hereafter  to  be  determined,  it  servation  of  the  effect  of  this  local  al- 
ls easy  to  understand  how  the  com-  fraction  of  vessels,  occursinthevoyages 
bined  effect  of  aU  these  forces  may  be  of  Captain  Cook ;  but  the  reason  of  the 
considered  as  equivalent  to  one  simple  deviation  of  the  needle  does  not  appear 
resultant  force  acting  in  a  certain  direc-  to  have  been  suspected.  The  first  dis- 
tion.  If  the  quantity  of  iron  be  con-  linct  statement  of  the  real  cause  of  this 
■Idered  as  eqiully  distributed  on  both  anomaly  b  contuned  inareport  firont, 
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Mr.  Downie,  Msit«rof  H.H.S.  GI017,  to  be  collected  into  Hnwthiiiff  like  a 
in  which  there  ui  the  foUoniiiK  pusa^:  focal  point,  or  centre  of  tc**''!';  ^^ 
— '  1  am  convinced  that  the  quantitr  that  ttiis  pdnt  is  nearly  in  the  centre  of 
and  vicinity  of  iron  in  most  ships  have  the  ship,  nhere  the  snot  are  deposited, 
n  effect  in  attracting  the  neeale;  for  far  here  the  Kiieatesl  quantity  of  ir 
jr."     He 


it  if  found  by  experience  that  the  needle  collected  It^ether.'  He  further  lup- 
will  not  always  point  in  the  same  direc-  poses  that  this  pcrint  is  endowed  with 
tion  when  placed  in  different  parts  of    tha  same  kind  of  attraction  as  the  pole 


1  not  always  point  in  the  same  direc-    poses  that  this  pcrint  is  endowed  with 

1  when  placed  in  different  parts  of    tha  same  kind  of  attraction  as  the  pole 

the  ship.    Also,  it  is  rarely  found  that    of  the  hemisphere  vhere  the  ship  is ; 


two  ships  steering  in  the  same  course,  consequently,  inNe«HoUand,theiautt] 
by  their  respective  compasses,  will  go  end  ot  the  needle  would  be  attracted  b^ 
exactly  parallel  to  each  other ;  yet  these  it,  and  the  north  end  repelled.  On  Ibis 
compasses,  when  compared  on  board  hypothesis,  which  appears  to  be  the  true 
the  same  ship,  will  agree  exactly*.'  one,  he  explains  the  phenomena  he  had 
(246.)  The  next  observations  an  this  observed,  and  also  deduces  from  it  a> 
subject  were  those  of  Captain  Flinders  tt  A  necessary  consequence,  that  the  devi- 
who,  whilst  surveying  the  south  coast  alions  of  the  compass,  arising  from  (lie 
of  New  Holland,  in  H.  M.  S.  Investi-  attraction  of  the  iron  in  the  ship,  must, 
gator,  in  1801  and  18U2,  remarked  con-  when  the  ship  is  on  the  north  sideof  the 
siderable  differences  in  (he  direction  of  magnetic  eauator,  be  directly  the  reverse 
the  magnetic  needle,  when  there  was  no  of  those  he  nad  observed  in  the  southern 
other  apparent  cause  for  Ihem,  than  the  hemisphere ;  that  is,  the  north  end  of 
differences  in  the  direction  of  (he  ship's  the  needle  would  be  attracted,  and  the 
head.  This  occasioned  much  perplexity  EOulh  end  repelled.  This  theory  wa< 
in  laying  down  the  bearings,  as  it  was  confirmed  by  other  observations,  mnde  in 
very  difficult  to  find  the  proper  allow-  the  same  ship,  in  the  British  Channtl. 
ances  to  be  made  for  this  deviation  of  (247.)  The  observations  of  CRpluin 
the  compass  in  estimating  them.  With  Flinders  excited  cdTi siderable  attention 
a  view  of  Irying  how  far  an  alteration  at  the  time  they  were  published  ;  and  a 
in  the  disposition  of  the  iron  might  cam-se  of  experiments  was,  in  consc- 
tend  to  remedy  this  source  of  error,  quence,  made,  by  order  of  the  Admiialtf, 
Captain  Flinders  first  removed  two  guns,  in  various  ships  in  the  Nore.  It  was 
which  had  stood  near  the  compass,  found  that,  in  every  ship  a  compass 
into  the  hold,  and  afterwards  fixed  the  would  vary  consideraUly  in  its  position 
surveying  compass  exactly  a^midships  on  being  removed  from  one  part  of  the 
upon  the  binnacle ;  for  at  first  it  was  00-  ship  to  another.  Although  the  general 
casionally  shifted  to  the  weather-side  as  fact  was  completely  eslablisheii  by  these 
the  ships  went  aljout;  but  neither  of  experiments,  they  did  not  then  lead  In 
these  two  arrangements  produced  any  any  further  investigation,  mitil  the  sub- 
material  effect  in  preventing  the  devia-  ject  was  a^n  brought  into  notice  bv 
tionsof  thecorapass.  When  the  ship's  Mr.  Bain,  who.ina  useful  trealiaewhich 
head  was  to  the  east,  the  deviatiou  was  he  published  on  the  Variation  of  the 
westward ;  and  the  contrary,  when  the  Compass,  placed  in  a  striking  point  of 
ship's  head  was  to  the  west:  when  it  view  the  fatal  consequences  which  might 
was  nearly  north  or  south,  no  deviation  attend  this  source  of  error.  The  altea- 
was  perceptible.  These  diffiirences.aris-  tion  of  the  public  was  also  particularly 
ing  from  a  change  in  the  direction  of  drawn  to  the  subject  at  this  time,  in  con- 
the  ship  with  regard  to  the  points  of  the  sequence  of  the  proposed  expeditions  to 
compass,  were  less  considerable  as  he  theArcticregions,  from  which  it  was  ex- 
proceeded  to  lower  latitudes ;  and  on  ap-  pected  that  much  important  information 
|iroaching  the  line  of  no  variation,  upon  would  result  with  regard  to  terrestrial 
the  south  coast  of  New  Holland,  the  magnetism.  The  lo<»l  attraction  of  the 
deviations  of  the  compass  were  smaller  vessels  sent  out  on  these  expeditions  was 
than  either  t>efore  or  afterwards.  In  made  a  particular  object  of  inquiry ;  and 
reasoning  on  the  cause  ot  these  devia-  the  results  of  the  numeroits  experiments 
tioiis.lie  supposes  '  ihe  attractive  power  taijie  for  that  purpose,  are  detailed  by 
of  the  dilferent  bodies  in  the  ship.which  Captains  Hoss  and  Parry  in  their  ao- 
are  capable  of  etituting  the  compass,  counts  of  their  respective  voyages ;  and 

^ also  by  Captain  Sabine,  in  a  paper  in 
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■tB<«dbytlMluto(tlw*eobMrver*thRt,  inclination  of  thi*  plane  to  tbe  boiiioii 

in  the  Iiabella  and  Alexander,  the  bin-  b,  therefore,  the  complement   to  the 

nacle  comnasiei  of  the  two  ihips  were  angle  of  the  dip.    In  London,  where  the 

soon  found  to  difibr  very  materinlly  from  latter  may  be  taken  at  70°.  this  uii;le  ia 

one  another,  in  indicating  the  conrsa  coasequeDtly  20°.    The  lection  of  this 

■leered.    The  dtftreaee  waa  frequently  pltmt  <^  nautralily,  u  it  may  be  called, 

one  point,  or  elevendegreee  end  a  quai-  oy  a  horizontal  plane,  paaiine  through 

ter.    No  dependence  mhatever  eould  be  tne  centre  of  the  b^  will  be  a  line 

placed  on  the  agreement  of  compuses  directed  to  the  magnetic  east  and  neit. 

ID  different  parts  of  the  ship*,  or,  of  the  If  a  hollow  sphere,  of  considerable  die- 

same  compau  with  itself,  if  removed  meter,  be  supposed  to    extend  around 

but  a  few  inches.   Even  in  the  nei|ch-  the  l»Il,  and  to  be  concentric  with  it, 

bo>irhcod  of  the  binnacles,  the  vaxia'  the  plane  above  defined  will,  by  its  in* 

lion,  as  obierred  amid3hipi>,  whs  from  tersection  with  the  sphere,  form  a  great 

8"  to   10°  ^ri^ater   than  the  result  of  circle,  which  may  be  regarded  as  the 

azimuths  taken  by  a  compass  placed  magnetie  equator  of  that  sphere,  with 

betneen  two  and  three  feet  on  the  ler-  relation  to  the  magnetio  action  of  the 

board  side,  and  an  equal  difference,  in  a  ball. 

contrary  direction,  took  place,  on  remov-  (2S0.)  Another  plane  of  neutrality  ia 

ing  the  compass  to  the  startMard  side ;  constituted  by  a   vertical   plane,  also 

all  of  which  introduced  great  difficulties  passing  through  the  common  centre  of 

in  the  ship's  reckoning.  tlw  ball  and  sphere,  and  including  the 

(248.)  An  extensive  inveslisation  of  magnetic  direction,  that  is,  the  line  of 
the  subject  was  now  insliluted  by  Mr.  the  dip:  this  plane  ia  evidently  that  of 
Barlow,  with  a  view  of  discovering  some  the  magnetic  meridian ;  and  it  also  inter- 
principle  of  compulation,  or  other  sects  a  great  circle  on  the  imaginary 
method,   for  correcting  this  source   of  sphere. 

error,  In  alljierts  of  the  world.  The  re-  We  havetermed  Ihese  two  plenei  the 
suits  of  the  first  experimenli  he  made  planes  of  neutrality,  in  preference  to 
for  thbi  purpose,  were  published  by  him  adopting  the  name  of  plmet  of  no  at- 
in  ISiO*;  and,  in  1824,  there  appeared  traction,  by  which  Mr.  Barlow  has  de- 
a  second  and  greatly  extended  edition  of  si^ated  them,  because,  as  Poisson  has 
the  same  work,  tjeveloping  the  mathe-  remarked,  it  is  not  the  whole  of  the 
matical  principles  which  regulate  the  attractive  force  exerted  by  the  iron  ball 
action  of  unmagnetic  iron  upon  a  mag-  that  vanishes  in  these  planes ;  but  only 
netized  needle.  His  situation,  as  Pro-  that  part  of  this  force  which  occasions 
fessor  of  the  Royal  Military  Academy  of  deviations  in  the  natural  position  of  the 
Woolwich,  gave  him  the  means  of  pur-  needle,  which,  indeed,  is  ihe  only  force 
suing  his  experiments  upon  a  very  ex-  of  which  wearenowttudylni^lheeSects. 
fended  scale ;  as  he  could  procure,  with  Strictly  speaking,  however,  there  re- 
facility,  considerable  masses  of  iron,  mains  another  force,  acting  in  a  direc- 
such  as  balls  and  shells  of  every  deno-  tion  parallel  to  the  dipping-needle,  but 
minalion.  and  having  that  regularity  of  of  an  opposite  nature  to  the  action  of 
figure  which  was  most  favourable  to  the  earth,  and  tending,  therefore,  to  re- 
the  application  of  mathematical  formula,  tard  the  oscillations  of  the  needU. 
,  As  the  inquiry  is  important,  not  merely  There  is,  indeed,  no  plane  in  which  the 
from  its  application  to  the  subject  of  the  altractirai  of  a  sphere,  or,  in  general,  of 
local  attraction  of  vessels,  but  also  in  its  any  body  magnetized  by  the  eerth's  in- 
benringa  onttie  whole  theory  of  magnet-  fluence.  iMcoraes  evanescent, 
ism,  we  shall  briefly  state  the  principal  ('^iSl-)  In  like  manner,  other  men- 
results  which  he  obtained.  dional  great  circles  may  be  conceived 

(349.)  Mr.  Barlow  ascertained,  that  a  on  the  sphere  cutting  tlia  equator  at  right 

bull  of  iron  produces  no  disturbance  of  an^es,  and  meeting  at  the  two  poles  of 

the  compass  needle,  when  the  latter  is  that  equator;  and  the  aituation  of  any 

situated  m  any  part  of  a  plane  passing  point  at  the  surface  of  the  sphere,  may 

through  the  centre  of  the  ball,  and  at  t>e  designated  by  its  distance  &om  the 

right  angles  to  the  direction  of  the  dip-  equator,  measured  on  the  meridional 

pini;  needle,  in  the  place  where  the  ex-  circle  which  passes  through  the  point, 

periment  is  made.     Tbe  angle  of  the  and  which  may  be  defined  its  magnette 

— latitude ;  together  with  its  distance  from 

•undwih.  t>u>or-AaB«T«i>s«>ti(Ai-  ""y  one  meridian,  fixed  upon  as  the  first 

tssiiaDi.'  meridian,  measured  on  a  smalkr  cit«le 
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purtM  to  the  equator,   and   punnt;  gitode,  remtuns  the  wune,  the  tangents 

through  the  point  in  quettion,  nhich  of  the  anj^lesor deviation  are  reciprocally 

distance  might  tie  termed  its  mof^netie  proportional  to  the  cubes   of  the  di»- 

iongitude.     Mr.  Bvlow  asHumes  ax  his  tances.      Now   as  it  has   tteen  estab- 

first  mwidiaii,  the  circle  which  passes  lished,  that  the  maftnelic  force  v 


from  the  pole  to  tlie  magnetic  east  and  inversely  as  the  square  of  the  distance. 
west  points  of  the  horiiontal  plane  in-  if  will  follow,  that  the  square  of  the  t*n- 
ttead  of  tl>e  vertical  meridional  plane. —    gent  of  deviation  is  directly  as  the  culje 


We  cannot  lielp  thinldnt;,  however,  that  of  the  force ;  or,  that  tlie  taneent  of  de- 

the  multiplication  of  these  planes  would  viation  is  directly  proportiDnal  to  the 

have  been  better  avoided,  oy  assuming  }  power  of  the  force.     In  order  to  eon- 

tbe  latter,  necessarilv  referred  to  on  so  vert  this  proportionality  into  an  equs- 

many  occasions,  as  the  first  meridian.  tion.it  is  necessary  to  introduce  a  certain 

(2S2.)Havingsetl1ed  these  definitions,  constant  co-efficient  for  the  number  ez- 

thelavfof  action  dediicible  from  the  ex-  pressing  the  distance.    This  co-efficient, 

perinienlal  investitration  of  Mr.  Barlow,  when  the  distance  is  estimated  in  inches, 

may  be   very   simply  exriressed.     The  Mr.  Barlow  finds  to  be  .00080382.     If 

amount  of  the   angular  deviation  of  a  this  lie  called  A,  and  the  dislance  de- 

eompass  needle,  the  motion  of  which  is  noted  by  d.  the  formula,  cooiprising  alt 

limited  to  a  horizontal  plane,  from  the  the  variable  quantities  in  one  equation, 

true  magnetic  meridian,  at  any  point  on  becomea, 

the  suttace  of  the  sphere,  is  such,  that  .             lin.  2  t.  cos.  I 

the  tangent  of  the  ani^e  of  deviation  is  "Ad* 
directly  proportional  lo  the  rectangle  of 

the  sine  andoosine  of  the  latitude  of  that  ™*''  The  influence  of  the  mass,  and 

point  multiplied  into  the  cosine   of  its  *^<^  "'  t>>e  surface  with  relation  to  tlie 

longitude.  As  it  is  extremely  convenient  ''>^**•  "'  •"«  iron  sphere  in  modifying  its 

to  express  propositions  of  this  kind  in  ?**'0",-  '■^^''^  "bkI  ma<le  the  subjects  of 

the  concise  and  perspicuous  language  of  m^esHgation.    Havingat  first  employed 

■Igebm,  we  ahaU  present  the  above  pro-  ^°"^  balls,  weighing,  respectively,  -/SB 

position  in  that  form;  denoting  the  angle  and  128  pounds,  the  results  appeared  to 

of  deviation  by  the  symbol  a  ;  the  lati-  *^  '"  '"e  conclusion,  that  the  tangents 

tude   by  x-   ttie   longitude   hy  t.    The  of'hcdeviaUons  were  proportional  to  the 

fofmula  will  then  be  as  follows,  *^''"  "^  'he  diameter,  that  is,  directly 

tan.  A=sin.  X  COS.  xsin. /.  as  the  masses.    But  when  similar  ex- 

Bul  since  the  product  of  the  sine  and  periments  were  made  wiih  hoUow  shells, 

cosine  of  an  angle  is  equivalent  to  the  Pj  ^^e  same  diameter  as  the  former  bills, 

rine  of  twice  that  angle,  the   formula  ^r.  Barlow  was  not  a  Utile  surprised  to 

admits  of  this  simplification,  and  it  will  ?"<■  '"at  "">  difference  was  peiceptibk 

^ben  be,  txtween  the  results  of  these  and  of  the 

tan.  A = sin  Sxcos. /.  former  trials.      Hence    he   concluded. 

(2i3.)  The  results  of  a'  mimerous  '^at  the  power  of  attraction  was  \niv 
teries  of  experiments  made  by  Mr.  Bai-  pendent  of  the  mass,  and  resided  wholly 
low,  when  the  centre  of  the  eompass  was  "»  "'b  ^^Uce  of  the  metal ;  and  all  sub- 
placed  in  every  variety  of  position,  with  swi^ent  exijenments  confirmed  tlie  ac- 
reipect  to  an  iron  ball,  approximated  so  curacy  of  this  conclusion.  The  m- 
dosely  to  those  which  were  given  by  ff«n"=  he  drew  was  expressed  in 
computation  from  the  above  formula,  *  '*  following  proposition,  namely,  that 
that  no  doubt  can  remain  of  the  accu-  t""  tangents  of  the  deviation  are  pro- 
racy  of  the  law  from  which  it  is  deduced,  portioual  to  the  cubes  of  the  diameters. 
They  hftve  been  further  verified  by  Mr.  <"■  t°  •"«  ^q"*™  '"o'  °^  ">e  cube  of  the 
Christie,  by  asomewhat  different  method  "o^'"*",  whatever  may  be  the  we^:llt  or 
of  procedure,  of  which  he  has  given  an  thickness  of  the  sphen-.  Subsequent 
■ccountintheTransactionsoftheCam-  experience,  however,  taueht  liim  lliat 
bridge  Philosophical  Society*  'his  bw  is  subject  to  a  limitation  m  re- 

(254.)  The  next  object  of  inquiry  was  "P^i^'  '<•  l"*  tluckness  of  the  metal  m 

the  law  of  attraction,  with   relation  to  which  the  mapnelio  power  resides;    for 

distance ;  and  the  reault  at  which  Mr.  ''  'hat  thickness,  be  less  than  the  Ihir- 

Bariow    arrived  was,   thai,   when   the  tielh  of  an  inch,  the  power  is  not  fully 

position,  with  regard  tolatilude  and  Ion-  developed,  and  its  action  is  diminished. 

Z This  conclusion  has  been  since  veri- 

•  ToL  I.  p.  U7.  fled  by  Captain  Kater    who  found,  on 
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empltqing  three  cylinden  of  iron,  the  iron,  u  to  act  upon  it  by  indaction,  tha 
one  being  (olid,  and  the  other  two  hoi-  laws  above  determined  are  luperuded 
low,  but  all  equal  in  nirfaee,  that  tlie  by  those  dependent  on  this  latter  cause, 
deviation  of  the  compass  needle,  occa-  aM  are  therefore  no  longer  applicable. 
sioned  by  the  attraction  of  toR.  iron.  In  all  the  experiments  made  by  Mr, 
depends  on  the  extent  of  surface  of  the  Barlon,  care  was  iaktm  that  the  di»- 
iion,  and  is  wholly  independent  of  the  tances  should  be  such  as  to  be  entirely 
inSH;  excepting  a  certain  thickneaa,  exempt  irom  this  disturbing  cause. 
amounting  to  about  tno-tenths  of  an  (2S6.)  Having  established  the  law  of 
indi,  which  is  requisite  for  the  full  de-  action  on  the  compass,  as  far  as  regards 
Telopment  of  its  ^tracliTe  energy  *.  It  masses  of  iron  of  regular  eeometiio 
may  be  remarlted,  by  the  way,  that  the  forms,  the  next  object  was  to  determine 
drcumslance  of  the  effectivB  uower  be-  whether  the  same  law  obtains  with 
ing  limited  to  the  surfaces  of  oodies,  or  masses  of  irregular  shapes.  This  would 
nearly  so,  i*  another  striking  instance  evidently  not  be  Ihe  ease,  if  the  popular 
of  the  analf^  which  subsists  between  notionwere  true,thatthepolesoiapiece 
the  magnetic  and  the  electric  agencies,  of  iron,  under  the  influence  of  terres- 
These  inductive  results  of  observation  trial  induction,  reside  exclusively  at  the 
are  all  in  strict  conformity  with  the  thee-  opposite  extremities  of  the  mass;  where- 
retical  deductions  of  Foisson  akeady  as  if  the  entire  action  admits  of  being 
adverted  to,  $  163.  referred  to  one  common  centre  of  at- 

Introdocing  into  the  gHieraJ  for-  traction,  in  the  same  manner  as  the  cora- 
mula  thb  new  rariat^  quantity,  bined  efi'ect  of  the  eravilation  of  all  the 
namely,  tiie  diameter,  or  radius,  of  the  particles  of  a  body  of  irregular  figure 
sptiere  of  iron,  which  we  shall  express  may  be  considered  as  directed  on  a  sin- 
by  r;  it  becomes  gle  point,  known  by  the  name  ofthe 
.  r*  sin.  2  »  cos.  L  centre  of  gravity,  it  is  reasonable  to 
~  A*  expect  that  the  same  laws  are  common 
(256.)  These  rules  and  formuln  are  to  both.  Experiments  tried,  with  this 
capable  of  being  applied  in  another  ■view,  upon  a  twenty-four  pounder, 
manner ;  for.  instead  of  conceiving  the  showed  the  existence  of  a  plane  of 
ims^nary  sphere  to  aurround  the  iron  neutrality  in  the  moat  irregularly- shaped 
ball,  we  may  imsgine  a  similar  sphere  masses  of  iron,  and  completely  «ta- 
concentric  with  the  point  of  suspension  bliahed  the  identity  of  the  operation  of 
of  the  needle ;  and  it  will  then  be  obvious  the  attractive  and  repulsive  forces  m  all 
that  the  centre  ofthe  ball  will  have  the  cases,  whether  the  iron  was  presented 
samerelative  position  in  thelatteriphere,  in  isolated  masses,  or  dispersed  in  every 
83  the  pivot  of  the  compass  has  with  re-  variety  of  situation  throughout  the  ship. 
specttolhe  former;  so  that  the  refer-  <25S.)  The  actual  amount  of  deviation 
encemaybemadeindiiferenllytoeither:  produced  in  the  ship's  compass  by  its 
and  when  the  mass  of  iron  is  irregular,  local  attraction,  will,  of  course,  be  dif- 
which  is  the  more  usual  case,  it  will  be  ferent  in  different  vessels.  With  an 
more  convenient  to  refer  the  common  easterly  or  westerly  course,  it  has  been 
centre  of  attraction  of  the  iron  to  an  obaervtd  in  these  latitudes  to  vary  from 
imaginary  sphere  urcumscrilnng  the  five  to  twelve  or  fourteen  degrees:  it  is 
compass.  of  greater  amount  as  the  ship  is  in 
(aS7.)  It  must  be  observed,  however,  higher  latitudes ;  and  diminishes,  with- 
that  in  erery  instrument  a-  limit  exists  out  however  vanishing,  at  the  equator  ; 
within  which  the  above  law  ceasea  to  and  again  increaaes  as  we  approach  the 
obtam.  This  limit  arises  from  the  infiu-  south  pole.  Mr.  Barlow,  in  a  paper 
Bice  which  the  inductive  power  of  the  lately  published  in  the  '  Philosophical 
needle  may  exert  upon  the  iron  pre-  Transactions*,'  gives  the  following 
sented  to  it ;  for  we  nave  already  seen  table  of  Ihe  deviation  obsnred  in  dit- 
that  the  consequence  of  this  induction  ferent  ships,  on  the  best  authoritiea, 
is  attraction  of  the  adjacent  pole  of  Ihe  from  which  a  general  idea  may  be 
magnet,  whichever  pole  that  may  hap-  formed  of  the  extent  of  enor  that  may 
pen  to  be.  Hence  it  follows  that  when  thus  arise,  and  also  of  its  average 
the  compass  is  brought  so  near  to  the    amount 
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auf.  riiiiiiir-        mm.    4^^    ^">S about dg^ m'Jet, if tha local af- 

Ctmwir  .  .  c«pt.  Kuii  HiU  Porumooiii  i' 3r  tr&cUon  of  the  veuel  had  been  equal  to 
W^-i.'  ctjl^rtcid  ■-  Sir*  it  as  that  of  the  Gloucester,  she  wouia  have 
Hn.-u  .  .  .  Cipi.  Sir  E.  FiRj  Dd.  7  s7  passed  tive  miles  nearer  to  Cape  Frio 
OriKf'  '  '  CMLaTMfii'  Kon*  IB  bI  ^  ^^  ^"  '!*''=u'*t«i  upon;  an 
AdnaiinI  Cipt.  Kiar  ^ ',  p)rim'a'  7  u  CTTor  quite  sufficient  to  account  for  the 
<i'^o«rt.r .  Cmpt  stoirt  .  .  ctuQid  .  >  SO  fatal  catastrophe, 
giving  a  mean  of  8°  44' at  the  east  and  (261.)  It  is  □bvioos  that,  vhen  the 
west  points  ia  these  latitudes.  cargo  of  the  ship  consists  chiefly  of  iron, 

(2GD.)  The  last  of  these  ships,  the  the  error  in  the  reckoning  may  be  even 
Gloucester,  was  reported  as  being  'in-  more  considerable  than  what  has  been 
variably  drawn,  in  consequence  of  this  now  stated.  The  most  fatal  conse- 
deviation,  to  the  southward  of  her  in-  quences  might  arise  in  a  few  hours  to  a 
tended  place,  notwithstanding  the  great-  vessel  in  the  Channel,  under  these  car- 
est  care  being  taken  in  steering  her.'  cumstances,  in  a  dark  and  blowing 
Had  it  not  been  ascertained,  by  taking  night,  having  for  its  only  guide  a  com- 
an  observation,  that  Ihis  error  was  al-  pass,  subject  to  an  error  of  fourteen  de- 
together  the  effect  of  local  attraction,  it  grees  in  opposite  directions  at  esift  and 
would  probably  have  been  ascribed  to  west,  the  very  course*  on  which  she 
the  influence  of  an  unknown  current,  would  be  endeavouring  to  steer.  How 
The  real  deviation,  estimated  in  dis-  many  of  the  mysterious  wrecks  that 
tance,  would  occasion  the  vessel,  after  have  taken  place  in  the  Channel  might 
running  (en  miles,  to  be  more  than  a  not  be  traced  to  this  cause  I  The  loss 
mile  and  a  half  to  the  southward  of  her  of  the  TliaiDes  Indiaman  is  given  as  an 
reckoning ;  and  so  on  in  proportion  as  example  by  Mr.  Bailow  *.  This  vessel, 
the  distance  increased.  An  error  of  besides  theusualappoinlments  of  guns, 
this  magnitude,  occurring  in  a  narrow  &c.,  bad  a  cargo  of  more  ttian  four 
channel  and  in  a  dark  night,  were  it  hundred  tons  of  iron  and  steel.  The  in- 
unknown  or  disregarded,  might  lead  to  fluence  oF  such  an  enormous  magnetic 
the  most  disastrouK  consequences.  The  mass  would  alone  t>e  quite  sufficient  to 
wreck  of  his  Majesty's  ship  Thetis,  explain  the  otherwise  unaccountablecir- 
which  lately  happened  on  the  coast  of  cumatance,  that  after  leaving  Beachey- 
Brazil,  has  been  ascribed,  with  some  head  in  sight  at  six  o'clock  in  the  aven- 
probability,  to  a  mistake  of  this  kind,  ing,  the  ship  was  wrecked  upon  the 
The  following  is  the  account  given  of  same  spot  between  one  and  two  o'clodc 
this  accident  in  the  '  United  Service  in  the  morning,  without  the  least  appre- 
Joumal : ' — '  The  Thetis  sailed  from  Rio  hensiun  of  being  near  the  shore. 
Janeiro  on  the  4th  of  Decemt>er,  with  a  (2S2.)  The  practical  application  of 
million  of  doUan  on  board,  besides  the  principles  above  established  to  the 
other  treasure,  and  every  prospect  of  a  correction  of  the  actual  deviations  of 
fine  passage,  stretching  away  to  the  the  compass  in  a  ship,  being,  as  we 
south-east  The  next  day,  the  wind  have  seen,  of  such  great  importance 
<»)ming  rather  favourable,  they  tacked,  in  navigation,  Mr.  Barlow  bent  tux 
thinking  themselves  clear  of  land ;  and  mind  to  the  discovery  of  a  method  of 
80  confident  werethey.that  the  topmast  effecting  so  desirable  an  object  His 
studding-sails  were  ordered  to  oe  set,  first  idea  was,  that  since  the  guns  and 
theshiprunningattherateofnineknots;  other  iron  of  a  vessel  must  produce 
and  the  first  intimation  they  had  of  being  exactly  the  same  deviation  of  the  needle 
near  land,  waa  the  jit>-boam  striking  as  a  smaller  mass  of  iron  placed  in  a 
against  a  high  perpendicular  cliff,  when  simitar  situation,  but  as  much  nearer  as 
the  bowsprit  broke  short  off,  the  shock  its  mass  is  smaller,  it  might  lie  possible 
sending  all  three  masts  over  the  side ;  to  place  such  a  body  of  iron  aft  of  the 
thus  in  a  moment  bringing  utter  de-  compass,  as  would  exactly  counler- 
atruction  on  this  fine  vessel  and  her  balance  the  action  of  the  guns,  Geo.,  for- 
valuable  cargo."  Mr.  Barlow  shows,  in  ward,  and  consequently  leave  the  needle 
the  paper  wove  Tefeired  to,  that  the  as  free  to  move,  as  if  no  such  action 
deviation  of  the  compass,  arising  from  existed:  but  he  soon  found  that,  for 
tilt!  attrat-lion  of  the  vessel,  was  exactly  this  purpose,  the  position  of  the  compen- 
of  the  kind  that  was  likelv  to  occasion  sating  ball  of  iron  would  require  to  l>e 

tliis  great  mistake  in  the  ship's  reckon- _____ 

ing;  for  the  distance  run  by  the  Thetis         •£>»y«ii«HUgAitnstKB^p.367. 
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■hifted  for  every  difiRnent  potition  of  plate,  nittiotd  'tddajt  to  ib  nright.  It 
the  ihip,  nhtch  would,  of  course,  be  nould  appear  algo  that  the  compound 
impracticable.  He  therefore  had  re-  plate  ie  more  pomrful  wbeii  the  two,  of 
course  to  thefollowingeipedient,  which  which  it  ii  formed,  are  thiu  separated 
wars  round  to  answer  perfectly  under  all  from  each  other  *.  The  proper  position 
circumstances  of  Bituilioti.  Since  it  is  of  the  plate,  with  regard  to  the  compasa, 
potsible  to  place  a  ball  of  iron  in  the  must  be  aKertaiued  b;  trials  on  shore ; 
same  line  of  direction,  with  regard  to  the  comparing  its  effects,  in  different  rela- 
compai*,  u  that  in  which  the  com-  five  lituatmni,  with  tba  observed  devia- 
bineu  action  of  (he  iron  of  the  ship  is  tiiHi  of  the  compass  on  boud  the  ship, 
eicerted,  and  to  bring  it  to  the  exact  dis-  (284.)  Although  themethod  pressed 
tance  at  which  its  action  shall  be  e^ual  b^  Mr.  Barlow  be  exceedingly  inge- 
to  that  of  the  ship's  iron,  it  i«  obvious  nious,  and  will,  no  doubt,  to  a  certain 
that  a  ball  so  placed  will,  instead  of  de-  extoit,  prove  highlj  useful,  several 
stroying  the  deviation  of  the  compaas,  causes  exist  in  practice  which  must 
double  its  amount ;  and  that  this  will  interfere  with  the  r^ularity  of  its  ope- 
be  (he  case  under  all  circumstances,  ration.  Changes  of  temperature  will 
and  in  every  part  of  the  world.  Instead,  probably  aftbel  the  compass-needle,  the 
Iherefore.  of  fiiin?  the  bail,  let  its  pro-  compensating  plates,  and  the  lar^e 
perplacebetlrttdeteniiined.and  the  ball  masses  of  iron  contained  in  the  ship,  in 
itMlf  laid  aside ;  then,  at  any  time  when  very  difl^nt  degrees;  and  many  of 
it  is  desirable  to  ascertain  what  effect  the  latter  iiodies  will  be  move  or  less 
is  due  to  the  magnetic  attraction  of  the  susceptible  of  acquiring  jiermanent  mn^ 
ship,  let  it  be  applied  in  the  situation  so  netism  in  the  different  circumstances  in 
determined,  and  observe  how  many  de-  which  they  are  placed.  In  the  course 
grees  it  draws  the  needle  of  the  compasa  of  a  long  voyage,  extending  to  very  dif- 
from  the  direction  it  had  previouslv  ferent  latitudes,  these  causes  are  liable 
to  the  application  of  the  ball.  This  will  to  considerable  variation,  and  must  in- 
be  the  amount  of  the  actual  deviation  troduce  a  degree  of  uncertainty  in  the 
produced  by  the  iron  of  the  ship  ;  and  amount  of  the  chuiges  induced.  BtiU, 
the  correction  inthe  course  of  the  vessel  however,  the  method  of  Mr.  Barlow 
may  be  applied  accordingly.  Strictly  will  furnish  a  most  valuable  approxi- 
speaking,  it  is  not  the  angle  of  deviation  mation  to  the  correct  determination  of 
which  is  doubled  by  the  action  of  the  the  influence  which  the  ship  exerts  on 
ball,  but  the  tangent  of  that  angle ;  but  the  needle  of  the  compass.  Certain  it  ii 
as,  in  small  ansles,  the  tangents  are  that  the  proper  estimate  of  the  disturti- 
very  nearly  in  the  ratio  of  tneir  arcs,  iog  force  arising  from  this  cause  has,  of 
they  may  in  moat  cases  bt  taken,  with-  late  years,  acquired  increased  import- 
out  sensible  error,  as  the  same.  ance  from  the  very  large  proportion  of 
(263.)  As  the  effect  to  be  obtained  iron  now  employed  in  the  construction 
depends  on  the  surface,  and  not  on  the  of  ships  of  war,  and  of  the  machinery 
mass  of  the  iron  which  acts,  Mr.  Bar-  fortlieir  guidance.  Independentlyof  the 
low  has  found  it  more  expedient  to  em-  guns,  shot,  and  iron  water-tanlcs,  the 
ploy  plates  of  iron,  instead  of  t)alls.  The  knees  of  the  ship,  the  capstans,  and 
form  he  recommends  is  a  double  plate,  cable*  are  now  made  of  iron,  so  that  the 
composed  of  two  thin  plates  of  iron,  whole  forms  a  Tei;  large  and  powetful 
screwed  together  in  such  a  manner  magnetic  mass. 
as  to  combine  any  strong  irregular  (aflS.)  In  all  ntuations,  but  more 
power  of  one  plate,  with  a  correspond-  especially  in  high  maxnetio  latitudes, 
ing  weak  part  of  another ;  by  which  experience  haj  shown  flie  advantage  of 
means  a  more  uniform  action  is  ob-  adopting  an  expedient  originally  sug- 
tained.  These  plates  are  of  a  circular  f-ested  by  Captain  Fluiders:  namely, 
form,  twelve  wthirteen  inchesin  diama-  the  selection  of  some  particntar  spot  in 
ter,  with  a  hole  in  their  centre,  through  jhe  ship  as  the  permanent  position  of  a 
which  is  passed  a  brass  socket,  with  an  standard  compass,  in  which  it  should 
exterior  screw;  a  brass  nut,  about  an  be  invariably  placed  for  use,  whether  U 
inch  and  a  half  in  diameter,  screws  on  observingaximuths,  crbearings  of  land, 
the  exterior  of  each  end  of  the  socket,  or  in  directing  the  ship's  couras:  so 
thereby  pressing  the  plates  together ;  ^;^^  if_  on  any  particular  occasion,  it 
with  an  interposed  thin  circular  piece 

of  board,  which  is  intended  to  increase         

in  some  dexiw  tlie  thickneu  ot  tlie  eaadtdi^on  ,i 
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ihould  be  necBssniy  lo  use  a  conipasi  cumst&nces  oF  the  case,  for  in  other  in 

ni  any  other  part  of  the  ship,  a  refer-  stances  they  were   retarded.     He    siie- 

eace  sliouldbe  made  to  the  standard  of  gests  that  ^reatcare  ought  to  be  taken 

comparison,  and  the  difference,  if  any,  to  keep  the  chronometers  on  board  of 

in  its  painting  noted  and  allowed  for ;  any  ship  out  of  the   immediate  vicinity 

ft  certain   degree  of  uniformity   being  of  any  considerable  mass  or  surface  of 

found  to  obtain  in  the  effects  of  the  iron.    They  oughl  not,  for  instance,  to 

local  attraction  on  a  compass  thus  con-  be  kept  in  the  cabins  of  the  ^n-room 

fined  to  one  spot,  enabling  a  navigator  officers,  which  are  on  the  sides  of  the 

to  form  a  sufficiently  correct  judgment  vessel;  aa  probably  a  strong  iron  knee, 

of  the  different  amounts  of  variation  to  or  even  a  gun,  will  be  found  at  a  very 

be  allowed  with  it  on  each  change  in  the  inconsiderable  distance  from  the  spot 

direction  of  the  ship's  head*.  where  the  watch  is  deposited. 

<26S,}  Not  only  are  the  compasses  on        Mr.  Barlow  proposes  to  rectify  this 

ship-board  disturbed  by  the  ma^etio  error  by  a  method  similar  to  that  vrfaich 

attraction  excited  by  the  iron  existing  in  he  employs   for  the   correction  in  the 

the  vessel ;  the  chronometers  also  are  compass,  namely,  by  previously  ascer- 

affected  by   the  name  influence.     The  tainingwhatthe  effectof the  ship's  iron 

sudden  alteration  in  the  rates  of  chro-  is  upon  tlie  rate  of  the  chronometer, 

nometers  at   sea  had  tteen  frequently  This  may  be  done  by  means  of  a  box 

noticed  by  ititeliigent  seamen,  but  had  or  pedestal,  on  the  top  of  which  is  s 

been  generally  ascribed  to  the  motion  convenient  receptacle  for  the  chrono- 

of  the  vessels.  The  true  cause  was  first  meter,  and  in  the  side  of  which  a  brass 

pointed  out  by  Mr.  Greoi^e  Fisher,  who  pin  is  fixed,  to  cany  the  compensatine 

accompanied  Captain  Buchan  in  liii  double  iron  plate,  employed  to  repre- 

voyage  to  the  Arctic  Regions,  in  the  sent  the  action  of  the  ship  s  iron  on  the 

vear  1B18,  and  who  gave  an  account  of  compass.    Then,  having'ascertained  the 

his  observations  on  this  subject  to  the  rate  of  the  chronometer  in  the  usual 

Royal  Society  f.    He  found  that  the  manner,  let- the  rate  be  again    taken 

chronometers  on  board  the   Dorothea  while  it  is  placed  on  the  pedestal.     The 

and  Trent  had  a  different  rate  of  going  plate   should  generally  be  kept  at  the 

from  what  they  had  on  shore,  even  distance  of  akoMt  a  foot  from  the  ver- 

when  these  vessels  had  been  frozen  in,  tieal  line,  throuirh  the  centre  of  the  dial ; 

and  therefore  when  their  motion  could  and  its  centre  should  be  about  the  same 

not  have  contributed  to  that  variation,  depth  below  the  plane  of  its  balance. 

It  appeared  that  this  effect  could  be  The  rate  thus  obtained  will  be  a  very 

atlnbuted  only  to  the  magnetic  action  close  approximation  to  the  ship's  rale 

exerted  bythe  ironintheshipsuponthe  of  the   instrument,  provided  cue    be 

inner  rim  of  the  balance  of  the  chro-  taken  to  keep  it   out  of  the  immediate 

nometers,  which  is  made  of  steel.     A  action  of  any  partial  mass  uf  iron,  and 

similar   influence   was  perceptible    on  to  place  it  in  the  same  direction   with 

placing  magnets  in  the  neighbourhood  respect  to  the  ship's  head  as  it   had 

of  the  chronometers.    This  conclusion  with  respect  to  the  iron  plate  when  its 

was  confirmed  by  the  experiments  made  rate  was  determined  *. 
for  this  purpose  by  Mr.  Barlow,  who  ,       „-  ,     ,   .        ,   „ 

ascertained  that  masses  of  iron,  devoid  i  3.  0/ the  Azimuth  Congxui. 

of  all  permanent  magnetism,  occasioned        (267.)  The  purposes  to  which    the 

an  alteration  in  the  rates  of  chronome-  azimuth   compass   is  applied,  and   the 

ters,  placed  in    different  positions  in  general  principles  of  its  construction, 

thdr  vicinity.    The  alterations  varied  have  already  been  stated  in  $  240  ;  but. 

according  to  the  positions  of  each  chrtx-  for  the  sake  of  those  who  are  desirous 

nometer  with  relation  to  the  magnetic  of  making  practical  use  of  it,  it  veil  I  be 

equator  of  the  masses  of  iron  to  whose  necessary  to  enter  into  a  fuller  detail. 
iimuence  it  was  subjected,  and  was  al'        The  ordinary  azimuth    comjHiss  is 

ways  uniform  in  the  same  position.    In  represented  in  Jig.  63.    The  semicircle 

the  case  of  the  chronometers  on  board  AB  is  fixed  by  a  screw  at  its  middle,  or 

the  Dorothea  and  Trent,  their  rate  was  lowest  point,  to  a  stand  at  the  bottom 

always  accelerated.  Mr.  Barlow  found,  of  the  outer  box,  containing  the  whole 

however,  that  this  depends  on  the  cir-  ^iparatus,  in  such  a  manner  as  to  ad- 

■-•       '"iTii>u«lioiufariasa.D.19E.  im. 
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mit  of  its  being  tuned  round  horizon-  pivots  GG,  conititating  «  horiiontal 
tally,  and  plawd  in  all  aiimuths.  To  axis  of  motion ;  while  the  inner  inlin- 
the  upper  extremities  of  this  Kmiclrcle,  drical  braia  box,  PQ,  containing  the 
K  brass  circle,  CD,  is  fixed  by  two  compass  itself,  is  attached  to  tht  dtu* 
Fig.  63. 


circle,  CD,  by  similar  pivots,  of  which  ai  indexf  i  for  the  ■nessurement  of  the 
one  is  seen  at  g,  farming  a  horizontal  angiilBT  distance  in  azimuth  of  an  ob- 
axjs  at  rieht  anzles  to  the  former,  and  ject  viewed  through  the  two  sijchts, 
both  toi^ther  actinf;  as  i^mbals.  The  from  the  place  of  the  magnetic  meri- 
contpass,  with  its  card,  is  balanced  in  dian,  as  shown  by  that  portion  of  the 
the  usual  manner  on  a  pointed  pivot  graduated  edi^e  of  the  canl,  which  coin- 
rising  from  the  centre  of  the  bottom  of  cides  with  the  line  with  which  it  h  corn- 
ice inner  box.  the  upper  side  of  which  pared.  The  degrees  are  reckoned  from 
is  covered  with  a  circular  piece  of  glass,  the  north  point  of  the  compass,  which 
The  two  sights,  E  and  O,  are  fixed  ver-  is  marked  zero,  all  round  the  circle,  in 
tically  on  tne  upper  side  of  the  cylinder  the  direction  from  left  to  right,  that  is 
of  tms  box,  diametrically  opposite  to  from  north  to  east,  and  thence  to  south 
each  other ;  the  one,  E,  to  which  the  eye  and  west. 

is  intended  to  be  applied,  consists  of^a        (268.)  Sometimes  a  wn«  is  placed  tje- 

brass   slip,   having   a  narrow   vertical  tween  the  two  sights,  stretching  hori- 

slit;  the  other,  O,  which  is  turned  to  zontally  from  the  foot  of  the  one  to  that 

the  object,  is  a  similar  slip,  having  an  of  the  other.    This  is  intended  as  an 

oblong    aperture     containing    a   fine  index  to  ascertain  coincidences  with  the 

thread,  or  norse  hair,  passing  along  the  degrees  marked  on  the  card,  when  they 

middle  of  the  open   space  in  a  vertical  are  viewed  from  above :  but  as  this  u 

direction.    Two  vertical  lines  are  also  a  mode  of  using  the  instrument  that  it 

marked  on  (he  inside  of  the  bos,  which  seldom  practised,  this  wire  is  unially 

are  prolongations  of  the  slit  in  the  sight  omitted,  and  observations  made  solely' 

for  the  eye,  and  of  the  thread  in  that  by  means  of  the  vertical  lines, 
for  the  object.  These  lines  are  intended        <369.)  On  one  side  of  the  box  COtt- 
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tainmfr  the  cumpait  there  is  freqnmtly  ^n  of  thii  nard  ii  Meuimlelr  enduittd 
1ii«ert«d  >  nut  or  stop,  which,  when  into  half  d^reca.  The  breadlb  of  Ihc 
pressed,  beart,  bj  meani  at  a  lever  cylindhcal  box  i>  euKtly  one  inch,  and 
within  the  box,  against  the  can),  and  it  i*  cttvend  u  tuoal  by  a  piece  of 
arrests   its  movement :  thus  ^ving  the  J^.  ^4 

opportunity  of  reading  off  the  number 
of  degrees  more  at  leisure,  and  Ihere- 
fore  more  correctly,  than  could  be  doue 
at  the  moment  of  observation. 

(270.)  Sometimes  the  sights  are,  for 
the  convenience  of  carriage,  made,  by 
tneani  of  joints  at  their  feet,  to  fold 
down  over  the  glass  nhid)  coven  the 
box,  when  the  compass  is  not  in  om. 
In  other  cases,  they  are  united  by  a 
transverse  tiar,  and  made  so  as  to  be 
capable  of  being  removed  from  the  box 
when  the  instrument  ia  set  aside. 

(271.)  The  instrument,  in  tti  eammoa 
fonn,  as  above  described,  is  still  ex- 
ceedingly defective,  and  incapable  of  af- 
fordini;  any  very  accurate  observation*. 
SufGcient  evidence  of  its  imperfection! 
may  be  ccrilected  from  the  narrative  of 
Captain  Phipps's  voyage;  from  which 

it  appears  that,  althoo^  the  observa-  fi^aaa.  A  slanting  piece  of  ivory  is  fixed 
tions  were  made  with  all  possible  care,  to  the  inner  side  of  the  box,  so  as  just 
yet  differences  in  the  variation  were  fn-  to  come  over  the  outer  edge  of  the  p^- 
quently  occurring',  in  the  same  place  duated  circle  of  the  card:  aline,  alnsht 
and  at  the  same  time,  amouoling  to  angles  to  the  circumference  of  this 
two,  three,  and  four  degree*.  In  one  circle,  ii  marked  upon  the  ■^on'i  '" 
instance,  the  error  was  even  five  de-  *erve  as  an  index  for  reading  off  tlie 
grees  ten  minutes.  degrees  in  the  manner  to  be  [HTaeiillf 

t272.)  The  azimuth  compass  contrived  mentioned, 
by  Captain  Kater  i*  a  much  more  per-  To  the  opposite  side  of  the  box,  at  0. 
feci  instrument,  combining  alt  the  ad~  a  sight  is  affixed,  consisting  of  a  brass 
vantages  of  the  ordinary  construction,  ^me,  in  the  torn  of  a  paraUelograin, 
together  with  those  of  being  extremely  Ave  niches  long.  To  this  frame  is 
portable,  and  of  t)eing  adapted  to  every  adapted  a  shorter  (t-ame,  F/,  two  inches 
purpose  of  observation,  whetherat  sea  >ntength,whichslidesuponit,andcarries 
or  on  land.  A  short  description  of  this  the  segment  of  a  glass  cylinder,  ground 
compass,butwithout  any  figure,  is  given  to  a  radios  of  five  inches.  B;  means 
in  the  Instmctiona  for  the  Adjustment  "f  this  piece  of  glass,  when  presented  lo 
and  Use  of  the  Instruments  intended  for  ^  *""•  the  rays  are  cc^lectcd  inlo  a 
the  late  Northern  Expeditions,  which  linear  focus ;  the  line  of  light  bein; 
were  printed  ty  order  of  the  Royal  So-  thrown  on  the  index  on  the  piece  of 
ciel^  in  1816.  We  have  been  enabled  i^ory-  ma?  he  seen  at  the  lame  time  a> 
to  illustrate  the  following  account  of  the  degrees  on  the  card, 
this  instrument  by  the  annexed  figures.  This  sight  has  a  hinge  where  ilia  eon- 
exhibiting  its  construction ;  for  the  op-  aected  with  the  box,  by  means  of  which 
portunity  of  drawing  which  we  are  ''  can  be  folded  down  upon  the  glass 
mdebted  to  the  kindness  of  Captain  cover  of  the  box,  a*  teea  in  ^.  66 : 
Kater.  and  when  thu  folded,    it   raises    ibe 

AB,  Jig.  64,  la  a  brass  cylindrical  needk  of  the  eompas*  by  means  of  a 
box,  containing  the  compass,  of  which  lever  nnder  its  centre,  seen  at  L,  so  as 
the  card,  CD,  is  five  inches  in  diameter,  to  press  it  against  the  g^aaa  cover,  and 
The  needle,  which  is  perforated  in  its  prevent  its  moving, 
centre  to  admit  of  an  agate  cap,  set  in  The  sight,  to  which  the  eye  is  a]^1ird, 
brass,  for  the  purpose  of  suspension,  is  and  which  is  shown  separately  in  j^. 
fixed  to  a  circular  piece  of  talc,  over  the  65,  is  an  inch  in  height  from  its  hinee 
circumference  of  woich  a  narrow  circu-  to  its  upper  point ;  but  it  may  be  raised 
lar  nog  of  card  is  laid ;  the  outer  mar-    somewhat  higher  by  raeaiM  of  an  up- 
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right  pieoe,  which  ilidei  bitween  two    then  to  be  idjugted,  Iw  raising  it 'from 
gtwnt*  in  the  side  of  the  box ;  it  con-    the  position  in  whicli  il  ifeii  when  flst  in 
■irts  of  an  upright  plane,  P,  hwing  a    the  case,  till  its  horizontal  lena  is  over 
•      *!^.  6S.  the   edge  of  the  card;    and    Ihe  pro- 

per  teal  diitance   obtained  bv  sliiling 
it  in  the  doTe-tailed  groove  till  Ihe  in- 
dex Ibe  is  seen  distinctly.    Next  ob- 
■erve  whether  the  line  of  light  from 
the    sun  seen  on  the  piexK   of  ivory 
through  the  l«ns  appears  narrow  and 
well-defined;  Mid  if  it  does  not,  incline 
Itie  sight  furthest  from  the  eye  towards 
the  compass,  till  Ihe  requisite  distinct- 
ness  is  attained.    Be  careful  that  the 
sight  leans  neither  to  the  right  nor  tefi, 
but  is  held  perpendicular  to  trie  horizon, 
narrow  vertical  slit,  S,  in  its    upper    ■«  the  direction  between  the  sun  and 
part ;  below  this  is  a  circMiIsr  aperture,    the  observer;  for  the  neglect  of  this 
in  which  a  convex  lens  is  placed :  a  ho-    precaution  is   the  principal  source  of 
rizontal  plane,  H,  proceedine  from  the    error  to  be  apprehended.     Let  the  corn- 
lower  edge  of  Itie  former,  and  also  fur-    P«ss  be  now  inclined  towardi  Ihe  ob- 
nished  with  a  convex  lens,  and  a  mir-     server,  so  as  to  check  the  oscillstions  of 
ror,  M,  is  placed  behind  P,  and  inclined    the  card,  fay  bringing  it  in  contact  with 
at  an  ancle  of  forty-five   degrees.     By     'he  index  and  two  pini  fixed  near  il  for 
means  of  ihis  combination  of  lenses    the  purpose.    Do  this  repeatedly,  till 
with  the  mirror,  Ihe  degrees  on  the  card    the  card  is  steady,  the  compais  being 
ate   seen    by    reflexion,    considerably     sufficiently  inclined  from  the  observer 
magnified,  and  in  a  reversed  position,    just  to  free  th*  card  from  the  index, 
together  with   the  index   on  the   ivory.     The  line  of  light  being  then  accurately 
which  is  contiguous  to  the  part  viewed,    bisected  b^  the  index  line,  the  degree 
The  image  of  the  card,  beine  produced    and  fractional  parts  also  indicated  by 
by  one  reflexion,  is  reversed ;  on  this    this  line  may  be  read  off  at  the  mo- 
account   il  is  requisite  that  Ihe  figures     ment  that  an  assistant  takes  the  altitude 
expressingthenumberof  degreesshould    of  the  sun,    If  the  card  should  happen 
Ihemselves  be  reversed,    so  that   they    not  to  be  perfectly  steady,  the  mean  of 
may  read  correctly  when  viewed  through    its  Tit>ra!ions  raav  be  readily  eslimaled. 
the    lenses.    This  sight  may  be  raised    The  degrees  on  the  card  are  read  from 
or  lowered  as  much  as  is   necessary  to    the  norlh  towards  Ihe  east,  and  are  car- 
adjust  its  focus ;  and  the  whole  is  made     ried  round  to  360°,  in  order  lo  obviate 
to  turn  back,  by  means  of  a   hinge,  so    thepossibilityoferrorinthisrespect.  To 
as  lo  lie  in  the  same  plane  with  the  box    the  degrees  and  minutes  thus  obtained, 
when  the  instrument  is  placed  in  its    murt  l^e  applied  the  corretnion  written 
case,  as  represented  in  Ag'.  66,  which    on  the  card,  and  the  result  will  be  tin 
admits  of  its  being  carried  in  the  pocket,    true  magnetic  position  of  the  sun,  from 
sy-  gg  which,  and  the  observed  altitude,  tiie 

*  ■     '  variation  of  the  needle  may  be  obtained 

in  the  usual  manner.    When  the  varia. 
tion  is  to  be  determined  for  the  purpose 
of  correcting  the  ship's  course,  it  is 
I  sufficient,   and  indeed  nece<isary,  that 

I  the  magnetic  azimuths  should  be  taken 

without  any  reference  lo  the  local  at- 
tractions which  may  afTect  the  needle; 
but  for  scientific  deductions,  after  a  cer- 
tain number  of  observations  have  been 
(373.)  The  followins:  is  the  method    obtained  with  the  ship's  head  in  one  di- 
of  usine  this  instrument,  when  the  azi-    rection,  she  should  be  put  on  an  oppo- 
muth  of  the  sun  is  to  betaken.     Ele      site  course,  and  another  set  of  observa- 
vate  the  object-sicht,  and  turning  it  to-     tioni   taken   from  the   same  spot;  the 
wards  the  sun,  slide  the  glass  a  ong  it    mean  of  the  two  results  will  be  the  true 
till  Ihe  line  of  light  is  thrown  on  the    variation  of  the  needle, 
ivory  index.    The  sight  next  the  eye  is        (274.)  Captain  Kater^  ■dmutti  torn    < 
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put  ia  alio  veil  adapted  for  surveying,  vided  for  making  Dbgerrationi  on  the 
for  which  object,  inceed,  it  vas  origi-  lun  ;  Ihey  are  placed  so  as  to  be  reiidiiy 
nally  invented.  To  apply  it  to  this  pur-  inleiposwl  between  the  eye  and  the 
poie,  nothing  more  is  necessary  than  to  nearest  sight  when  wanted,  and  are 
slide  the  frame  containing  the  segment  removeahle  at  pleasure  when  not  re- 
nt the   glass  cylinder  to  the  top  of  the  quired. 

■ight,  wlien  the  hair  will  be  seen,  which  ,   ,     .,,,     ■■■__...      „ 

must  be  made  to  bisect  the  objecl  viewed  '  *■  0/ tht  I^artaiioT,  Compatt. 

by  direct  vision  at  the  moment  that  ila  (279.)  A  magnetic  needle  intended 

beBTing  is  also  read  off  by  r^exion.  (o   indicate   the    mimite    change*  that 

(27a.)  There  is  also  another  mode  of  take  place  in  the  direction  of  terrestrial 

using  this  compass,  which  may,   per-  maRnelismj  should,   as  already  noticed 

haps,  be  found  more  convenient  and  ac-  ($  242),  be  of  somewhat  greater  length 

mirate  than  that  already  described.     It  than  an  ordinary  compass,  in  order  that 

is  simply  to  turn   back  the   reflecting  the  extent  of  the  variations  of  angular 

light,  and  to  view  the  line  of  light,  and  poaition  may  be  more  conspicuous, 

read  off  the   decrees  by  direct   vision  i  (2B0.)  For  the  same  purpose,  the  fa\- 

and  it  has  this  decided  advantage,  that  lowing   method  was  practised   by  Du 

ifthe  compass  should  not  be  in  a  hori-  Hamel: — At  each  extremity  ofa  lonij 

sontal  position,  the  observer  may  readily  needle,  a  slender,  pointed  piece  ol  Ueel 

perceive  and  correct  the  error.    Some  vtaa     erected     perpendicularly,    which 

care,  however,  is  necessary  not  to  mis-  served  as  sights  for  observing  its  posi- 

take  in  reading  the  figures  indicating  tion  with  reference  lo  the  divisions  ofa 

the  degrees,   they   being  inverted    as  graduated  limb,  six  feet  in  length,  Sxtd 

marked  upon  the  card:  this  may  be  pre-  to  a  pillar  at  the  distance  of  nearly  siity 

Tented  by  viewing  them  also   by  re-  feet  from  the  needle,  and  in  Uie  dirro- 

flexion.  tion  of  its  axis  ♦. 

(276.)  On  approaching  the  north  (281.)  Analo^^ousto  this  was  Ihecon- 
pole  of  the  earth,  the  north  end  of  tlie  struction  employed  by  Mr.  Prony,  con- 
needle  will  incline  downwards:  but  the  listing  of  a  long  magnetic  bar,  on  which 
card  may  again  he  readily  balanced  by  was  fixed  a  telescope,  moving  along 
taking  out  the  ring  and  glass,  and  at-  with  it ;  its  motion  oeing  ohserved  by 
taching  a  small  bit  of  wax  to  the  south  looking  through  it  at  a  distant  object, 
pole  of  the  needle.  the  image  of  which  would  have  a  cor- 

(277.)  When  it  is  considered  how  responding  motion  in  the  field  of  the 

great  is   the   diminution  of  the  power  telescope.     Humboldt,  who  made  many 

with  which  the  magnetism  of  the  earth  observations    with    this     instrumi^ni. 

aeli  upon  the  horizontal  compass  needle  considered  it  to  be  a  very  accurate  me- 

in  very  high  magnetic  latitudes,  the  sa-  thod. 

tisfactory  results  which  have  been  ob-  (2S2.)  But  a  point  of  much  greater 

tained,  even  under  such  extreme  cir-  importance  is  that  the  magneiism  of  the 

eumstancei  as   those  of  the  late  arctic  needle  should  be  uniform,  and  that  its 

voyages, — in   Davis's    Straits,  for    in-  magnetic  axis  should    remain    perma- 

■tance,  and  Baffin's  Bay, — from  the  cm-  nent.     Hence  its  form  should  be  of  the 

ployment  of  Captain  Kater's  azimuth  simplest  kind,  such  as  that  of  a  slender 

compass,  which  gave  correct  observ a-  neealeof  nearly  equal  diameter  through- 

tions  when  other   instruments   became  out,  and  ma^etised    with   great  care, 

useless,  afford  the  best  testimony  of  its  The   observation  of  minute  changes  of 

excellence,  and  of  the  precision  which  position  may  be  made  with  sufficient 

may  be  expected  from  its  employment  accuracy   by   means  of   a    magnifying 

in  the  ordinary  course  of  observation  *,  glass  -,  which  expedient  w'lU  supersede 

(378.)  In   some  azimuth  compasses,  the  necessity  of  employing  sights,  or  of 

for  vrbich  patents  have  been  taken,  a  giving  to  the  needle  any  extraordinary 

triangular  ^lass  prism  is  substituted  for  length. 

the  mirror  m  the  above  instrument,  act-  (283.)  Another  material  point  is  to 

ing  evidently  on  the  same  principle  of  obtain  great  delicacy  of  susjwnsion,  so 

reflexion,  and  evidently  borrowed,  with  that  the  needle  shall  immediately  obey 

a  trifling   alteration  of  form,   from  the  the  slighlei^t  change  of  direction  m  the 

original  invention  of  Captain  Kater.  force  of  terrestrial  magnetism,  or  of 
Coloured  glasses  are  sometimes  j 

MrliiMdTnu 
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any  other  extraneous  mBgnetic  force,  produce  the  minute  diurnal  or  monthly 
This  object  can  hardly  ever  be  suffi-  changes  in  the  variation,  by  adopting 
ciently  attained  by  balancing  the  needle  the  expedient  auggested  by  Mr.  Bar- 
iipon  a  point,  as  in  the  common  com-  low,  and  nhich  we  nave  already  slightly 
jiass;  because,  however  small  Ihe  fric-  alluded  to,  f  132.  From  a  variety  of 
tion  may  be,  it  is  still  a  force  vrhich  is  considerations,  we  are  warranted  in  con- 
required  to  be  overcome  at  the  t>^n-  dndtng  that  the  direction  assumed  by 
ning  of  eveiy  new  motion,  and  which  the  magnetic  needle  is  the  result  of  a 
must  even  prevent  all  modon  until  the  great  number  of  magnetic  forces  acting 
moving  power  tiu  increased  to  a  cer-  upon  it,  some  of  which  are  of  a  nature 
tain  amount.  This  objection  does  not  more  permanent  than  the  rest.  Thus, 
apply  in  ibe  same  degree  to  the  suapen-  while  the  average  direction  is  the  re- 
sionof  the  needle  Ijy  a  fine  thread,  which  sultsnt  of  some  cause  of  very  general 
in  accordingly  the  best  plan  of  construe-  operation,  affecting  extensive  porlions 
tion  for  a  variation  compass.  Care  of  Itie  globe,  many  occasional  changes 
ihould,ofcourse,betalienthat  the  force  are  effected  t>y  causes  of^  a  more  tran- 
of  torsion  be  as  small  as  possible.  Mr.  sient  nature,  some  of  which  are  penodi- 
Bennet  proposed  a  spider's  thread  as  the  cal  in  their  influence,  but  of  which 
bestmaterial  forobtaining  great  delicacy  others  are,  aa  it  were,  accidental,  or 
of  suspension,  andprocunnglhegreatest  at  least  very  im^lar  and  fluctuating 
magneticsensibility;foralthoughtwis(ed  in  their  action.  Innumerable  obser- 
throuEh  many  thousand  turns,  it  occa-  vations  have  proved  that  the  compaes' 
lioneci  no  sensible  deviation  in  a  needle  needle  is  more  or  less  agitated  during 
suspended  by  it ;  showing  that  its  force  the  prevalence  of  the  aurora  borealis  •. 
of  torsion  is  insensible*.  Its  deviation  fh)m  this  cause  has  been 

(2B4.)  The  thread  should  be  con-  known  to  amount  to  six  or  seven  de- 
tained in  a  vertical  tube,  fitted  to  the  grees.  Volcanic  emptions  have  been  at 
middle  of  the  upper  side  of  an  oblong  various  times  observed  to  occasion  con- 
box,  the  remaining  parts  of  which  are  siderable  disturbance  in  the  position  of 
to  be  completed  by  ^lass  plates,  for  the  the  needle :  this  was  particularly  noted 
purpose  of  protecting  the  needle  from  during  the  eruptions  of  Mount  Heela 
agitation  bj  the  air.  With  a  graduated  and  of  Vesuviusr  .  Atmospherical 
arc  adapted  to  each  end  of  the  needle,  changes,  such  as  violent  winds,  or  a  fall 
andmagnifierstoobserve  the  exact  po-  of  snow,  have,  in  hke  manner,  been 
sition  of  the  extremities  when  referred  known  to  affect  the  needle.  The  elec- 
to  these  arcs,  this  simple  form  of  the  trical  conditions  of  the  atmosphere,  and 
instrument,  which  is  the  one  employed  especially  those  connected  with  the  ap- 
by  Captain  Kater,  is  calculated  to  an-  proachor  occurreneeofthunder-storms, 
■wer  every  practical  purpose  that  can  have  a  powerful  influence  on  magnetic 
t>e  desired.     Its  superiority  to  the  urdi-  polarity. 

nar^  construction  was  shown  on  the  oc-  (2Se.)  It  is  evident  that  as  the  needle 
CHsion  of  the  late  Northern  Expeditions,  in  its  ordinary  statesistu-ged  to  move  by 
when  it  was  found  that  the  Iriction  on  a  force  resulting  fVom  the  influence  of 
the  metal  point  in  the  variation  needle  these  variable  forces,  combined  with 
belonging  to  Mr.  Browne,  made  by  Dol-  those  that  are  of  constant  operation,  the 
lond,  nearly  a  foot  in  length,  and  sus-  effect  of  the  former  would  be  much 
pended  in  the  usual  manner  by  an  greater  if  the  latter  were  withdrawn  ; 
agate  cap  on  a  metal  point,  was,  in  and  this  can  only  be  effected  by  neur 
the  high  magnetic  latitudes  reached  tralizing  the  operation  of  these  constant 
by  Captun  Parry,  too  considerable  to  forces.  Mr.  Barlow  effected  this  by  ap- 
be  overcome  by  the  directive  power  of  plybg  one  or  more  magnets  in  the  re- 
the  magnet ;  and  accordingly  it  hap-  quisite  positions,  so  as  to  counteract 
pened  that  at  Winter  Harbour  the  in-  almost  entuvjy  the  natural  magnetic  in- 
strument was  quite  useless,  while  the  fluence  of  the  earth.  In  illusiration  of 
one  furnished  by  Csjtlain  Kater  still  tra^  which  he  gives  the  following  example-J. 
versed +.  Supposingthat  atlnely  suspended  hori 

(28S.)  Considerable   light,  however, 

may  be  thrown  upon  the  oaoaea  that      ,  g^  w»™M.tii.'.i 
-        Lo«fci;»i._ 
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tion  in  two  leconds;  and  that  bymftsk-  and  those  of  tbemunet  made  with  tbe 
inft  the  terreatri&l  influence  1^  magnets  horiion,  and  which  would  be  neariy 
properly  adjusted,  the  time  of  vibralion  e<iuiTatent  to  increasing  theangle  of  the 
IS  increaied  to  eight  seconds ;  then  it  dip.  This  ami^enMiil  tlto  proeored 
would  follow  that  the  directive  power  the  further  advantage  of  obtaining  Ta- 
was  reduced  to  one-sixteenth  of  the  rious  modifications  ofeS^ct,  ttj  altering 
former ;  and,  coosequentlj,  that  any  the  distances  of  the  neutraliiing  mag- 
lateral  magnetic  force  octint;  npon  the  nets  from  the  needle,  wherebj inferences 
needle  would  produce  an  effect  sixteen  mi^t  be  deduced  as  to  the  vatialioDS 
times  greater  than  before ;  so  that  if  in  Ok  intensties  of  the  deflecting  forces 
the  former  were  twelve  minutes,  the  occasioning  the  deviations  of  tiie  needle 
new  effect  on  deviation  might  be  ex-  at  different  times.  It  would  exceed  the 
pected  to  amount  to  between  three  and  limits  of  this  treatise  to  attempt  even  a. 
four  degrees,  and  therefore  be  such  as  to  ihoit  abstract  of  the  mode  of  mvettiga- 
admit  of  distinct  and  saliEifactory  obser-  tion  pursued  t)y  Mr.  Christie  in  (his  m- 
valion.  Thus  he  found  that  vrhen  the  quiry,  and  for  the  details  of  which  we 
needle  was  kept  in  its  natural  position,  must  refer  our  readers  to  his  paper  in 
and  then  deprived  of  neaily  the  whole  the  PhilosophicBl  Transactions*,  llie 
of  its  directive  power  by  bringing  a  general  results  to  which  he  arrived  have 
magnet  near  it,  the  daily  vanation  might  aheady  been  given  in  $$  133,  134. 
be  magnified  almost  to  any  amount.  (S8S.)  In  observations  for  determine 
The  same  result  was  obtained  wtien  the  ing  the  exact  variation,  great  care  should 
north  pole  of  the  needle  was  directed  to  be  taken  that  the  compass  employed  be 
the  south,  east,  or  west,  or,  indeed,  any  unaffected  by  any  local  causes  of  al- 
required  position,  at  least  within  certain  traction  from  iron  in  the  neiglibour^ 
limits.  With  this  view,  Mr.Barlowfirst  hood.  In  the  account  given  of  the  nw- 
deflecled  the  needle,  by  the  repulsion  of  teorolocical  instruments  used  at  the 
a  magnet,  into  a  certain  position,  and  Royal  Society's  houset,  Mr.  Cavendish 
then,  hy  means  of  another  magnet,  mo-  points  oat  the  method  he  employed  in 
difSed  lis  directive  power  in  the  same  order  to  ascertain  wiiether  this  cause  of 
way  as  when  it  was  in  Us  natural  poti-  error  existed ;  and  if  so,  to  determine 
tion  in  the  magnetic  meridian.  its  amount.  He  removed  the  variation 
(2B7.)  Thus,  by  combining  different  compass  from  the  apartmenls  of  the 
sets  of  observations,  in  different  posi-  Society,  into  a  large  garden  belonging 
tions  of  the  needle,  information  may  be  to  a  house  in  Marlborough- street, 
obtuned  as  to  the  direction  as  well  as  in-  about  a  mile  and  a  quarter  to  the  west 
tensity  of  the  extraneous  forces  that  in-  of  Somerset  House,  where  (here  seemed 
terfere  with  the  general  directive  in?  to  be  no  danger  of  its  being  affected  by 
fluence  of  the  earth.  Mr.  Christie,  in  any  iron. work.  Here  tt  was  pieced  ei- 
prosecuting  these  investigations,  pre-  actly  in  the  meridian,  and  compared 
ferred  applying  two  magnets,  placed  for  a  few  days  with  a  very  exact  cotn- 
one  above  and  the  other  below,  and  on  pass,  placed  in  an  adjoining  room,  and 
diiferent  sides  of  the  needle,  in  the  line  kept  fixed  constantly  in  the  same  situn- 
of  the  dip,  or  that  in  which  it  would  tion.  It  was  then  removed  back  to  I  he 
armnge  itself  if  freely  suspended  by  its  Society's  house,  and  compared  again 
centre  of  gravily,  instead  of  retaining  with  the  same  compass.  By  a  mean  of 
them  in  the  same  horizontal  plane  with  these  observations,  the  difference  lie- 
the  needle,  conceiving  that  a  more  tween  the  position  in  the  two  stations 
equable  distribution  of  the  forces  acting  was  ascertained,  indicating  the  amount 
on  the  needle  would  thus  be  obtained ;  of  the  local  influence  of  the  iron  in  the 
for  a  portion  of  the  forces  acting  upon  house  and  adjacent  buildings,  and  eon- 
the  horisontal  needle  in  the  line  of  these  sequently  the  error  of  the  instrument 
magnets  would    be   destroyed,   and    it 

would  slill  be  acted  uponby  fbrces  in  .  $,  o/Ihe Dippirur-NeedU. 

the  same  direction  as  before,  but  of  less  ' 

intensity ;    whereas  by  oven  applying  (289.)    The  pruKaple  on  which  the 

the  poles  of  two  mapiets  to  the  corre-  dipping-needle    acts  lias  akeady  been 

tpondins  poles  of  ItM  needle,  and  in  the 

tame  plane  with  them,  the  horicontal  ■rorisn  p  3*t 

directive  force  of  the  needle  would  be  i  Fh»ii»i|.i.»iTnuiisetia»  fa>  iT7S.r.»L 

Digitized  by  Google 


explained  (t»7>,UftlMUug«ierftiform    adv&nttn  to malu  the  needlu  of  con- 

of  the  iMlrument.  ■idersibla  diaMmsions   to  as  even  to  ei- 

Fig.  67.  ceed  n  foot  in  length.    But  experience 

- —  hu  »hown  that  more  ii  loit  than  gained 

in  point  of  accuracy  ty  givinit  to  them 

a  len^h  f;raater  than  six  or  sight  inches  j 

and  considarable  convenience,  of  course, 

results  from  this  reduction  of  size,  as 

the  instrument  Is  thus  rendered  more 

portable,  as  nell  as  less  expensive. 

(29a}  With  a  view  to  diminish  fric- 
tion, Mr.  Mitchell,  in  the  year  1772, 
proposed  that  the  two  ends  of  the  axis 
of  the  dipping-needle  should  be  sup- 
ported on  friction-wheels ;  and  two  in- 
■truments  viith  this  improvement  were 
executed  for  the  Board  of  Longitude 
by  Mr.  Nainie.  The  needles  were  a 
(290.)  The  simplest  conitmction  is  foot  in  length,  and  the  ends  of  the  axea 
that  represented  inj^.  67.  The  needle  were  made  of  ^old  alloyed  wilh  cop- 
D  diss  flat  oblonK  piece  of  steel,  broader  per,  and  the  friclion-w  heels  on  which 
at  the  middle,  and  tapering  to  a  point  at  Ihey  rested  irere  four  inches  in  diame- 
the  entremities,  A  slender  cyhndrical  ter,  these  nheels  t>eing  Ihemselves  ba- 
axis  is  passed  at  right-angles  through  Unoed  with  great  care.  Theendsofthe 
its  centre,  and  moTes  freely  in  circular  axes  of  the  friction-wheels  were  like- 
apertures  made  in  the  middle  of  the  wise  made  of  an  alloy  of  gold  and  cop- 
lateral  horizontal  ban,  H  h,  fastened  to  per,  and  mo*ed  in  small  holet  made  m 
a  vertical  graduated  circle,  CC,  indicat-  bell  metal ;  and  opposite  to  the  ends  of 
ing  the  angle  which  the  needle  makes  the  axes  of  the  needles  and  of  the  fric- 
with  the  horiion.  This  circle  is  fixed  tion  wheels,  were  placed  flat  agates, 
to  a  flat  stand,  ST,  provided  with  one  finely  polished.  Each  magnetic  needle 
or  more  levels-,  the  horizontality  of  vibrated  in  a  circle  of  bell-metal,  divided 
which  is  adjusted  by  means  of  screws  bito  d^jees  and  half  degrees ;  and  a 
placed  at  the  comers  of  the  stand.  The  line  passing  through  the  middle  of  the 
usual  mode  of  observing  with  such  an  needle  to  the  ends  pointed  to  the  divi- 
instrument  is  first  to  ascertain  the  di-  sions.  The  needles  were  nearly  ba- 
rection  of  the  magnetic  meridian  by  a  lanced  before  they  were  rendered  mag- 
common  compass,  and  then,  removing  tietical ;  and  tnr  an  ingenious  contrivance 
the  compass  to  a  sufficient  distance,  so  of  Mr.  .Mitchell,  of  a  cross  fixed  on  the 
that  it  may  not  affect  the  position  of  the  axes  of  the  needles,  on  the  arms  of  which 
dipping-needle,  to  fix  the  circle  of  the  were  cut  very  fine  screws,  to  receive 
latter  in  the  pinna  ofthis  meridian,  and  smailbuttons.admittingofbeingscrewed 
then  torenderitperfectly  level  bymeans  nearer  to  or  farther  from  the  axis,  the 
of  the  screws  of  the  stand.  For  the  ad-  needles  could  be  adjusted  both  ways,  to 
justment  of  the  instrument  in  the  inert-  a  great  nicety,  after  being  magnetised, 
dian,  in  any  particular  place  where  the  by  reversing  the  poles,  and  changing 
bearing  o(  a  distant  object  is  exactly  the  sides  of  the  needle.  The  frame  of 
known,  the  frame  containing  the  needle  the  instruments  were  provided  with 
is  oc<tasional!y  provided  with  two  sight  levels  for  the  horiiontal  adjustment, 
vanes,  placed  on  an  index  moving  hori-  after  they  had  been  placed  in  the  plans 
lontally  on  the  top  of  the  vane,  and  of  the  magnetic  meridian  *. 
which  may  be  directed  to  that  object.  (294.)  In  a  subsequent  volume  of  the 

(291.)  Great  care  should  be  taken  Philosophical  Tranaactionst,  a  dipping- 
that  no  iron  or  steel  enters  into  the  con-  needle  is  described  by  Dr.  Lonmer, 
atruction  of  any  part  of  the  frame-work  calculated  for  making  observations  on 
of  the  apparatus,  as  such  materia]  the  dip  at  sea,  where,  from  the  un- 
might  produce  a  sensible  action  upon  steadiness  of  the  supports,  the  difficulty 
the  needle  :  great  attention  should  even  of  attaining  any  d^ree  of  accuracy  is 
bepaidtothe  purityofbrassthatmaybe    veiy  great,     "nie  needle  wta  of  tha 

employed  in  its  construction,  and  to  its    

exemption  fi^m  all  magnetic  properties.       .  n,ii,»ridndTriu«fa«.fct  i77i,j.flt 
(298.)  It  was    formerly  deemed  an      MaiTn^T*.  ,,  , 


usuftl  shape  and  nxe,  uid  moved  vcrti-  other.    Iti  positian  vith  respect  to  Iba 

Cftlly  on  its  &xLs,  which  had  tno  conical  respective  circlei  points  out  also,  upon 

points,  slii^llf  supported  in  two  cwre-  simple  inspGction,  not  only  the  itidma- 

spondinghemisphenca]  sockets,  inserted  tion,  or  dip,   but  also   the  msKnetic 

info  the  opposite  sides  of  a  small  up-  beaiings  in  a  horizontal  plane.    Hence 

right  brass   partlldogram,    about   an  by  directing  the  vertical  circle  to  tfa« 

inch  and  a  half  broad,  and  sue  inches  sun,  or  other  object  in  the  heavens,  the 

high.  Into  this  panlleloeram  was  fiiced,  ma^cnetic  amplitude  of  the  otgect  is  also 

at  right  angles,  a  slender  brass  circle,  readily  detennined.    Dr.  Lorimer's  ctnn- 

about  sis  inches  diameler,  silvered  and  pasi,  though  exceedingly  plausible  in 

graduated   to    eve^  half  degree,  on  theory,  presents  such  difficulties  in  its 

which  the  dip  is  indicated  by  the  needle,  practical  execution,  as  can  scarcdy  be 

This,    for  the  sake  of  distinctian,  he  overcome  by  the  most  exquisite  woric- 


called  the  circie  of  magnetic  imjina-    manship. 


of  magwt 
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lion.    This  biasi   paraEelotn'am    and,  (295.)  The  dipping-needle   formerly 

consequently,  the  rarcle  of  inclination,  used  by  the  Roval  Society,  and  which 

also  turned  horiiontally  on  two  other  has  been  regarded  as  the  model  for  the 

Eivots,  the  one  above  and  (he  other  be-  construction    of   inslniments    of    this 

iw,  with  corresponding  sockets  in  the  kind,  is  described  by  Mr.  Cavendish,  in 

parallelogram.    These  pivots  were  fixed  the  66th  volume  of  the  '  PhilosopUcal 

in  a  vertical  brass  circle,  of  the  breadth  Transactions  *.'  In  this  instrument.  Itie 

and  thickness  of  two-tenths  of  an  inch,  ends  of  the  axis  roll  on  hotizonial  at^e 

and  of  such  a  diameter  as  to  allow  the  planes ;  and  a  contrivance  is  applied,  by 

circle  of  inclination  and  the  parallelo-  which  the  needle  may,  at  pleasure,  tie 

sram  to  move  freely  round  within  it.  lifted  off  from  the  planes,  and  laid  down 

This  second  circle  he  calls  the  general  on  them  again  in  such  a  manner  as  to 

meridian.     It  was  not  graduated,  but  t>e  supported  always  by  the  same  poinis 

had  a  small  brass  weight  fixed  to  the  of  the  axis  resting  on  the  same  parts  of 

lower  part  of  it,  to  keep  it  in  a  vertical  the  agate  planes,  ine  motion  by  which  it 

position  ;    and    ttie    circle    itself   was  b  let  down  being  very  graduuL  and  wilh- 

screwed,  at  right  angles,  into  another  out  shake.    The  ^neral  form  of  the  ia- 

circle,  of  equ^  intemu  diameter,  of  the  stnunent,   the  sue  and  shape  of  the 

same  thickness,  and  twice  the  breadtti,  needle,  ajid  the  cross  used  Cor  balancing 

which  was  silvered  and  graduated  on  it,  were  the  same  as  in  ttie  dipping- 

the  upper  aide  to  everyhalf  degree.    It  needleconstructedbyNaime  ontheplan 

reiH^sented  the  horizon :  for  it  swung  of  Mr.  Mitchell,  ab-eady  described,  } 

mely    in    gimbals,  and   was,   conse-  293.  The  mode  of  using  the  inslrument 

quently,  always  horizontal.    The  whole  waA  as  follows :  the  dip  was  observed 

wRs  contained  in  a  mahogany  box,  of  first  with  its  front  to  the  west,  and  then 

an  octagon  shape,  nith  a  glass  plate  at  mth  its  front  to  the  east ;  after  which 

the  top,  and  one  on  each  side  for  some  the  poles  of  the  needle  were  reversed, 

way  down.    That  part    of  the  frame  and  the  dip  observed  both  ways  as  be- 

which  contained  the  glass  could  be  lifted  fore.    Care  was  taken  that  the  needle 

off  when  requisite.      The    whole   box  was  rendered  equally  magnetical  after 

turned    round   upon    a     strong    brasa  the  poles  were  reversed,  as  it  has  been 

centre,  fixed  in  a  double  plate  of  maho-  before;  this  equality  being  ascertained 

gany,  glued  tc^ether  cross-wise,  to  pre-  by  counting  the  number  of  vibrations 

vent  its  warping  or  splitting;  and  this  niadeby  the  needle  in  a  given  time  in 

again  was  supported  by  three  brass  feet,  both  cases.    The  mean  of  these  four 

frosted  so  as  to  prevent  their  slipping  observations  was  the  true  dip. 

when  the   vessel   rolled  considerably.  (S96.)  In  order  to  estimate  the  in&u- 

When  not  wanted  for  use,  it  was  en-  ence  of  the  several  causes  of  error  which 

closed  in  an  outer  square  box,  in  order  might  singly  vitiate  the  result,  but  which 

to  ^«serve  it  effectually.  may  be  made  to  compensate  one  an- 

Xhe  peculiar  advantage  of  this  in-  otherbycombiningthesediiTerent  modes 

strument  consists  in  the  freedom  which  of  observation ;  let  us  suppose  /Ig.  68 

is  allowed  to  the  needle  of  obeying  the  to  present  us  with  a  front  view  ot  tlie 

tendency,  impressed  upon  it  by  terres-  needle ;  and  S  N  to  be  the  direotion  of 

trial  magnetism,  of  placing  itself  in  the  the  magnetic  axis,  or  line  according  to 

line  of  the  dip.  in  consequence  of  the  which  its  magnetism  is  exerted ;  and  let 

power  which  it  has  of  moving  in  dif- 

terent  planes  at  ri^t  angleslo  one  an-  ■rottbajfulTTKp.aTi, 
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M  m  be  drawn  at  right  anglM  to  S  N,    teniiaz  therefore  the  axb  of  motion.    If 

and  passing  through  the  centres  of  the    the   needle    were   truly   balanced.    il» 

cylindrical  ends  oftlte  aiii,  and  repre-    centre  of  gravity  vould  coincide  with 

Pig.  68. 


the  intersection  of  theie  lines  at  e.  But  the  line  8N ;  or  although  the  line  join 
suppoBingthiinottothebecaie,andthat  ing  the  two  divisions  of  90°  he  not  per- 
in  coniequence  of  an  error  in  the  sus-  pendicular  to  the  horuon ;  or  although 
pension  the  centre  of  gravity  is  at^f  ;  the  axis  of  motion  do  not  pass  ttu-ouffh 
draw  y/ perpendicular  to  SN,  cutlmft  the  centre  of  the  diyided  circle,  pro- 
it  in  n,  and  make  n/  equal  tog'n.  vided  it  be  in  the  same  horizontal  plane 
When  the  instrument  it  turned  half  wa>-  with  it  Should  it  happen,  indeed,  that 
round,  so  that  the  opposite  face  of  the  the  axis  of  motion  it  not  in  the  same 
needleispresentedtous,  theec^SMN  horiiontal  plane  with  the  centre  of  the 
will  now  be  in  the  place  be^re  occu-  divided  circle,  the  error  thence  arising 
pied  by  S  ffl  N,  and  the  centre  of  gravity  will  not  be  compensated  by  this  me- 
will   be   lituated    at  that    part   where  thod   of  observing;  unless  the  position 

Coint  /  was  before ;  therefore  the  mean  of  both  ends  of  the  needle  be  taken  as 
elween  the  forces  b;  which  the  needle  checks  upon  one  another.  ITiis,  how- 
is  drawn  out  of  its  tnie  position  in  these  ever,  is  of  no  consequence,  since  it  is 
two  situations,  in  consequence  of  its  not  easy  to  examine  whether  or  not  they 
being  truly  balanced,  is  accurately  the  are  in  the  same  horizontal  plane. 
lame ;  and  the  mean  between  the  two  (299.)  But  the  error  that  is  most  dif- 
observed  dips  is  very  nearly  the  same  as  ficult  to  be  avoided  in  the  construction 
ifthe  centre  of  gravity  had  been  at  n.  of  the  instrument,  is  that  which  arises 
But  if  the  centre  of  gravity  were  at  n,  from  the  ends  of  the  axis  not  being  truly 
thedipwouldbevei^nearlyasmuchtoo  ovlindrical.  It  is,  accordingly,  essential 
great  m  the  one  position  of  the  needle,  tfiat  the  parts  of  the  axis  which  rest  in 
or  it  would  be  too  little  when  the  poles  the  agate  planes  should  be  exactly  the 
are  reversed;  oi  meevertS.  Therefore  same.  The  instrument,  however,  is  so 
the  mean  of  the  observed  dips  in  these  contrived  as  to  admit,  on  occasion,  by 
four  situations  will  be  very  nearly  the  giving  the  axis  a  little  liberty  in  the 
same  a*  if  the  needle  were  truly  ba-  notches  by  which  it  is  lifted  up  and 
lanced.  down,  of  our  making  these  planes  bear 
<297.)  In  the  second  place,  ifthe  against  apart  of  the  axis  distant  about 

E lanes  on  which  the  axis  rolls  are  not  a  nundredth  or  a  fiftieth  of  an  inch  from 
oriiontal,  the  dip  will  be  very  nearly  their  usual  point  of  bearing.  Mr.  Ca- 
as  much  greater  than  it  would  otherwise  vendish  found  that,  when  the  axis  is  con- 
be,  when  one  (ace  is  turned  to  the  west,  fined,  so'aato  have  no  such  liberty, 
as  it  is  less  when  the  other  is ;  for  if  and  when  care  is  taken,  by  previously 
these  planes  dip  towards  the  south  in  making  the  needle  stand  at  nearly 
one  case,  they  will  dip  as  much  towards  the  right  dip,  that  it  shall  vibrate  in 
the  north  in  the  other,  supposing  the  very  small  arcs  when  let  down  on  the 
levels  t>y  which  the  instrument  is  set  to  planes :  that  then,  if  the  needle  be  lifted 
remain  unaltered.  Conse<)uently,  the  up  and  down  any  number  of  limes,  it 
mean  of  the  two  observations  will  be  will  commonly  settle  exactly  at  the  same 
very  nearly  the  same  as  if  they  had  point  each  time  ;  at  least  the  difference 
been  placed  in  a  truly  horiiontal  plane,  is  so  small  as  to  be  scarcely  sensible. 
(298.)  The  same  method  of  reasoning  But  if  it  be  not  so  confined,  there  will 
will  show,  in  the  third  place,  that  the  often  be  a  difference  of  twenty  minutes 
mean  of  the  two  observations  above-  in  the  dip,  according  as  different  parts 
mentioned  will  not  be  altered,  although  of  the  axis  rest  on  the  planes ;  and  that, 
the  index-line  joining  the  mark  by  although  the  greatest  care  be  taken  to 
which  we  observe  with  the  axis  of  mo-  free  tik  axis  and  planes  from  dust; 
tion  be  not  parallel  to  the  axis  of  the  which  can  be  owing  only  to  some  irra- 
needle^  that  is,  although  the  index  line  gularity  in  the  axis.  If  the  needle 
do  not  coincide  with  the  continuation  of  Titrate  in  aict  of  Kve  degree*,  w  mor^ 
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when  let  down  on  the  plonei,  there  wiD  a  meui  of  tbeie,  for  thu  new  pontion, 
frequently  be  as  gnat  aa  error  in  Ihe  Comparinf  these  two  meaiu,  we  obtain 
dip.  It  11  true thatthepartof theanBte  a  reiulling  mean,  whidi  ii  free  from 
planes  on  which  the  aris  rests  nhea  the  first  source  of  error.  In  order  to 
the  vibrations  are  stopped,  will  be  a  excludetheoperationofthesecondcause 
little  different,  according  to  the  point  of  error,  we  must  row  remove  the 
at  which  the  needle  stoMl  before  it  was  needle  from  its  supports,  and  after  de- 
let  down ;  which  will  make  a  imall  dif-  stroyiiti;  it*  magnetiun,  magnetize  it 
ference  in  the  dip,  aa  shown  by  the  di'  ajcain  in  the  contrary  sense ;  namely, 
vided  circlet,  when  only  one  end  of  the  rendering  that  end  a  north  pole,  which 
needle  ia  observed,  thoueh  the  real  dip,  before  was  south,  and  met  ven&  ; 
or  inclination  of  the  needle  to  the  hon-  then,  replacing  it  upon  its  mippoHa,  we 
zon  is  not  altered ;  but  this  difference  must  make  with  it  similar  sets  of  ob- 
is far  too  small  to  be  perceptible  ;  so  serrations  to  those  made  brfon,  turning 
that  the  above-mentioned  eirorcaonot  itflrston  one  sideand  thencmtheolher. 
be  owing[to  this  cause.  Neither  does  The  mean  thus  obttuned,  comliined  with 
it  seem  to  arise  from  any  irregularity  the  former  mean,  will  give  the  mean  of 
in  the  surface  of  the  agate  planes,  for  the  whole  ■  which  may  be  eonsideml  as 
they  were  ground  and  pohshed  with  the  true  dip,  at  the  place  and  at  the 
great  accuracy ;  but  it  most  likely  pro-  time  of  observation, 
ceeds  from  the  axia  slipping  in  the  (3DI.)  The  error  produced  by  the 
large  vibrations,  so  as  to  make  the  want  of  coincidence  between  the  axis  of 
agate  planes  bear  aealnst  a  different  part  motion  and  the  centre  of  gravity  of  the 
of  it  from  what  they  would  otherwise  needle  may  be  removed  by  the  foUowinj; 
do.  Mr.  Cavendish  gives  it  as  his  opi-  method,  devised  t>y  Darnel  BemouiUi, 
nion  that  this  irregularity  is  not  owing  and  which,  being  easily  executed,  de- 
eilher  to  want  of  care  or  skill  in  the  serves  to  be  generally  known.  Let  m. 
execution,  but  to  the  unavoidable  im-  dipping-needle  oe  constructed  with  a* 
perfection  of  this  kind  of  work.  He  much  correctness  a*  can  iM  effected  by 
imagines,  therefore,  that  thisinstrument  the  ordinary  methods  of  woritmanship, 
is  at  least  as  exact,  if  not  more  so,  and  balanced  as  exactly  as  possible  be* 
than  any  which  has  yet  tieen  made.  fore  it  is  rendered  magnetic :  when  in~ 

(300.)  Thus  itappears,  thatin  general  pregnated,  therefore,  it  will  arrange  it- 
Ihe  indications  afforded  by  the  dipping-  self  tolerably  nearly  in  the  line  of  dip. 
needle  are  liable  to  two  principal  sources  Carefully  note  the  position  it  tatt«  un- 
of  error:  first,  the  axis  of  the  magnet's  der  these  circumstances,  and  then  de- 
lengih  mav  not  be  the  exact  axis  of  i\t  stroy  its  ma^elism.  When  it  has  thus 
magnetic  forces ;  and,  secondly,  its  point  returned  to  its  natural  state,  alter  the 
of  suspension  mav  not,  in  every  position,  point  of  suspension,  or  adjust  the  centre 
be  exactly  coincident  with  its  centre  of  of  gravity,  in  such  a  manner  as  that  it 
gravity.  Different  modes  of  observe  shall  arrange  itself  in  the  same  poiition 
tion  must  be  resorted  to,  in  order  to  as  that  above  noted  by  the  sole  in- 
ascertain  the  amount  of  the  errors  aris-.  fluence  of  gravity.  Now  impregnate  it 
ing  from  these  causes.  We  must  first  again,  imparting  to  it  the  tame  poles  u 
assure  ourselves  that  the  axis  of  rota-  before.  It  is  evidentthatit  will  now  ap* 
lion  of  the  needle  is  perfectly  level,  so  proximate  still  more  neariy  to  Ihe  trus 
that  the  needle  shall  turn  in  a  plane  ex~  line  of  the  dip,  since  nearly  the  whole  of 
actly  vertical:  we  must  next  see  that  It  that  portion  of  the  force  of  gravity 
b  placed  accurately  in  the  plane  of  the  which  before  produced  a  deviation  from 
magnetic  meridian ;  and  we  have  then  the  position  no  longer  operates.  If  w« 
to  observe  carefully  the  positions  at  find  that  this  approximated  position  dif- 
which  it  settles,  after  bein^  repeatedly  fers  several  degreesfromthefbrmerone, 
disturbed, andailowedto  oscillate  freely,  the  operation  may  berepetted,  until  we 
Ttie  mean  of  these  positions  may  then  have  arrived  so  near  to  the  true  position, 
be  taker,  aa  the  true  position  of  the  that  no  further  difference  can  be  per- 
needle  under  these  circumstances.  We  ceived.  It  will  rarely  happen  that  the 
are  next  to  turn  the  whole  instrument  third  approximation  will  give  an  error 
horizontally  till  It  has  described  a  com-  of  half  a  degree, 
pletesemicircle,  or  180°;  thatfaceofit  (3U2.)  This  simple  instrumetit  was 
which  was  to  the  east  being  now  to  the  adapted  hy  its  author  to  observation  in 
west,  and  oice  t>«r«d.  and  then,  taking  all  situations,  in  the  foUowtng  ingtnioui 
Kmilar  obserrationscHt  the  dip,westf   numwr.-— A  Toy  1^  brus  giwltuted 
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circle,  ABC,  jfr.  69,  ii  findto  one  lide  u  pouible before  imprMnatum.  Aiery 
of  fhe  needle  BN,  concentric  with  ill  lightindex.Hr.is  then  Sited  on  theaxii 
axil,  and  tbe  whale  iibaluweduDtoely    to  oitoturn  stiffly  upon  it.    Thii  wiU 


deatroy  the  equilibriuin  of  the  needle,  other  trials,  or  from  the  dip  observed 
If  the  needle  had  txen  made  with  per-  b;  the  fineit  inslruments.  He  tried  it 
feet  accurate,  and  perfectly  balanced,  in  Leith  Roads  in  a  rou^h  sea;  and 
the  addition  of  Ihia  index  nould  cause  did  not  think  it  inferior,  either  in  ccr- 
it  always  toMtllewilh  tbeindexperpen-  tainty  or  dispatch,  to  a  needle  of  the 
dicular  to  the  horiion,  irhatew  de^ee  most  elaborate  construction.  Professor 
of  the  circle  it  might  chance  to  point  Kobison  deems  it  worthy  of  its  inge- 
at.  But  as  this  is  not  to  be  expected,  nious  author,  and  of  the  public  notice 
the  index  is  to  be  set  at  Tarious  oe^ees  because  it  can  be  made  for  a  moderate 
of  the  circle,  and  the  position  which  the  expense,  and,  therefore,  may  Ik  the 
unmaKTietic  needle  tates,  corresponding  means  of  multiplyint;  observations  on 
to  each  place  of  the  index,  must  be  the  dip,  which  are  of  immense  value  to- 
observed,  and  the  result  of  ali  these  wards  perfecting  the  theory  of  terrestrial 
observations  recorded  in  a  table.    Sup-  magnetism. 

pose,  for  example,  that  when  the  index  (303.)  In  a  dipping-needle  recently 
IS  at  SS°,  the  needle  inclines  46°  from  made  by  M.  Gambey.at  Paris,  intended 
(he  horiion :  if  in  any  place  we  ob-  to  be  used  at  St.  Petersburgh,  the  axis, 
serve  that  the  needle,  rendered  magnetic  instead  of  being  a  cylinder,  is  a.  knife- 
by  juxtaposition  between  two  powerful  edge,  ai  in  a  fine  hydrostatic  balance, 
ma^tts,  having  the  index  at  50°,  baa  This  edge  is  placed  exactly  in  the 
an  inclination  at  46°,  we  may  be  certain  centre  of  gravity  of  the  whole  com- 
fhalthisisthe  true  dip  at  that  place;  for  pound  needle,  and  is  so  fixed  that  when 
the  needle  is  not  deranged  by  magna-  the  needle  dips  71°,  the  edge  rests  per- 
tism  from  the  position  which  gravity  pendicularly  on  two  agate  plates.  It  is 
alonewould  give  It  As  we  ^nerally  evident  that  such  a  needle,noweversen- 
know  something  of  Ihe  dip  that  la  to  sible,  is  adapted  for  use  only  in  those 
be  expected  in  any  place,  we  mutt  set  situations  in  which  the  dip  is  nearly 
Ihe  index  accordingly.  If  the  needle  do  7i°.  It  ia,  however,  well  calculated  for 
not  show  Ihe  expected  dip,  the  posilton  ascertaining  minute  variations  of  incli- 
of  the  index  must  be  altered,  and  the  in-  nation  in  the  same  place  *. 
clination  of  the  needle  again  observed.  (304.)  Another  mode  of  dispensing 
Examine  whether  thii  second  position  tvitb  the  condition  that  the  axis  of  mo- 
of  Ihe  index,  and  this  dip,  form  a  pair  tion  should  accurately  pass  through  the 
which  is  in  the  table :  if  they  do,  ttien  centre  of  gravity,  a  condition  which  it  is 
we  have  obtained  the  true  dip;  if  not,  next  to  impossible  ever  atricily  to  fulfil, 
we  must  Ir^  another  pontion  of  the  it  that  adapted  in  the  dipping-needle 
index.  Notidnjc  whether  the  agree-  invented  by  Professor  I.  Tobias  Maj^er, 
ment  of  this  last  be  greater  or  len  than  in  his  treatise,  De  Vtu  toairatiori 
those  of  the  former  pair,  we  learn  aau  indinatorue  Magnelietef. 
whelher  to  chanfa  the  position  of  the  The  centres  of  motion  and  of  gravilv 
index  in  Ihe  aame  direction  as  before,  or  tire,  in  this  needle,  designedly  separated, 
in  Ihe  opposite  direction.  Professor  go  that  tlie  inequalities  of  workmanship 
Hohison  had  a  dipping-needle  of  this  in  the  axis,  or  in  the  planes  of  suspen- 
kind,  made  by  a  penon  totally  unao-  sion,  are  rendered  of  less  effect,  being 
qiiainled  with  the  making  of  philoso-  opposed  by  thejoint  influence  of  gravity 

fhical  instruments.  He  used  it  at  und  magnetism;  whilst,  by  a  peculiar 
ivith,  at  Cronstadt  in  Russia,  at  Soar-  process  of  observation,  and  an  appro- 
borough,  and  at  New  York,  and  the    ■—-■■.    a.ctimi..[d.  Fh^iq-^ — " 

dip  indicated  by  it  did  not  in  any  aingle  ^  p^Miii"«di>ih<Tn»»tii>u  •>[ik<  ItojalSa- 

tnal  differ*  degrte  and  ft  bu  Aran  Bitt]r«i3dniM«at<»uii|iB,iMiaih 
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priote  farmula,  th«  joini  operation  of  the  that  of  magnetism  in 

two  forces  is  resolvable,  and  the  posi-  inequalitieB  of  the  axis ;  and  thiu  to 

tion  which   the  needle  should  assume  cause  the  needle  to  return,  after  osol- 

from  that  of  magnetism  alone  is  dedu-  Ution,  with  more  certainty  to  the  same 

cible  with  great  precision  •-    This  in-  point  of  the  divided  limb  than  it  would 

tentional  separalion  of  the  centres  of  do  were  the    centres   rtticUy  coind- 

Gravity  and  suspension  is  effected  by  dent. 

tapping  the  needle  with  a  fine  interior        (30G.)  The  cenh-es  of  motion  and  of 

screw,  in  order  that  it  may  receive  a  gravity  not    coinciding,    the   position 

fine  steel  screw,  projecting  at  tome  dis-  which  the  needle  assumes,  vrhen  ^aced 

tance  from  the  needle,  and  on  which  a  in  the  magnetic  meridian,  ii  not  tnat  of 

small  brass  ball  traverses.    By  this  con-  the  dip ;  but  the  dip  is  dedudble  by  an 

trivance,  the  needle  may  be  deflected  easy  <slculation  btxa  obsemitioQS  made 

fromthe  true  (Up,  in  any  degree  that  may  with  such  a  needle,  aocotding  to  the  fol 

be  desired,  and   the  terrestrial  action,  lowing  directions ; — 
which  varies  as  the  sine  of  the  angle  of       (307.)  If  the  needle  has  been  carefully 

deviation  from  the  line  of  dip,  may  be  made,  and  the  screw  inserted  truly  as 

increased  in  almost  any  proportion.  described,  the  centres  of  motion  and  of 

(30S.)  The  following  is  the  descrip-  gravity  will  t>e  disposed  ai  in  the  lever 

tion  of  the  needle  constructed  on  this  of  a  balance,  where  a  right  linejoining 

principle,  which  was  employed  by  Cap-  them  will  be  a  perpendicular  to  the  ho- 

tain  Sabine  in  the  determinations  of  the  riiontal  pasnng  through  its  eitremitiea, 

dip,  as  reported  in  the  work  already  that  is,  to  the  index  line.    This  condi- 

qiioted.     This  needle  was  a  parallelopi-  tion  is   not,   indeed,   a  necessary  one ; 

Redon  of  eleven  inches  and  a  half  in  but  it  is  desirable  to  secure  it,  because 

rngth,  four-tenlhs  in  breadth,  and  one-  it   shortens  the  observations,   as    well 

twentieth  in  thickness;  the  ends  were  as  the  calculation  from  whence  the  dq> 

rounded ;  and  a  line  marked  on  the  is  deduced.    Its  fulfilment  may  be  a»- 

face  of  (he  needle,  passed  through  the  certained  withgreat  precinon,bypladng 

centre  to  the  extremities,  answering  the  the  needle  on  the  agate  plane*  befbre 

purpose  of  an  index  line.    The  cylin-  magnetism  is  imparted  to  it,  and  observ- 

drical  axis  on  which  the  needle  revolved  tng  whether  it  returns  to  a  horiicntAl 

was  of  heM  metal,  terminated,  when  it  direction  after  oscillation,  in  each  poti- 

rested  on  the  agate  planes,  by  cylinders  tion  of  the  axis ;  if  it  do  not,  it  may  be 

of  less  diameter)  the  finer  these  termi-  made  to  do  so  at  this  time  with  no  great 

nations  can  be  made,  as  long  as  they  trouble. 

do  not  bend  with  the  wwght  of  the        (3os.)  With  a  needle  in  which  this 

needle,  the  more  accurate  will  be  the  adjustment  can  be  relied  on,  two  obser- 

osciltalions.      Small    grooves   in  the  vations  made  in  the  magnetic  meridian 

thicker  part  of  the  axis  received  the  Y's,  are  sufficient  for  the  determination  of 

which  raised  and  towered  the  needle  on  the  dip.    The  two  faces  of  the  needle 

its  supports,  and  insured  that  the  same  are  in  aucceauon  turned  towards  the 

parts  of  tiie  axis  rested  on  the  planes  in  observer,  W  reversing  the  position  of 

each  observation.  the  axis  on  its  supports,  in  such  a  man- 

A  smalt  brass  sphere  traversed  on  a  ner  that  the  edge  of  the  needle  which  is 

sfeelscrew,waainsertedinthe]oweredge  uppermost  in  the  one  observation,   be- 

of  the  needle,  as  nearly  as  possible  m  comes  lowermost  in  the  other.     The 

the  perpendicular  to  the  index  line  pass-  angles  which  the  needle  makes  with  the 

ing  through  the  axis  of  motion;  by  this  vertical  in    these    two  positions  being 

mechanism,  the  centre  of  gravity  of  the  re^,  the  mean  of  the  tsjigeot  of  those 

needle,  screw,  and  sphere  may  be  made  angles  is  the  co-tangent  of  the  dip. 
to  fall  more  or  less  below  the  axis  of       (309.)  But  when  needles  are  used  in 

motion,    according    as   the    sphere  is  which  this  previous  adjustment  has  not 

screwed  at  a  smaller  or  greater  distance  been  made,  or  when  its  accuracy  cannot 

from    the    needle,    and     according    as  be  relied  on,  four  observations  are  le- 

spheresof  greater  or  less  diameter  are  quired;  two  being  those  that  have  been 

employed.    Theobject  proposedin  thus  already  directed;    and  the  other   two 

separating  the  centres  of  motion  and  of  being  similar  to  Ihera,  but   made  with 

gravity,  was  to  giveto  the  needle  a  force,  the  poles  of  the  needles  reversed, 
arising  from   its  own  weight,  lo  assist         Calling,  then,  the  first  arcs  F  and/,- 

•  anCiptain  Biiniif'i  AMonm  o7  Enariiiuata  "nd  those  will)  the  poles  reversed  G  am 

i«diun>i»uiii|iinBftki£iiitt,p.M?/  g,  calling  tlie  dip  S,  and  taking 
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inig-V  +  Uxig./^  A  meteroflhedividedciroleof  theiiwtm- 

iang.  F  —  tang./  =  B  ment.  ought  to  have  coincided  with  the 

tane.  G-|-tang.ff=  C  divisions   90°  ud   90°   of  the   cirele- 

tang.  G  -  tang.y  =  D  when  they  did  not,  the  cone*  afforded 

Then  thetlip  may  be  calculated  by  the  in  this  case  also,  the  meam  of  con«ct- 

followin?  formula :—  ing  the  adjustment. 

-^■P  J-  B.C  (313.)  The  dipping-needle  aftords  a 
B+D  B_|_  !)-''««"«■*•  method  of  detennining  the  position  of 
(310.)  Inreversingthepole*,  itisnot  the  magnetic  meridian,  independently  of 
neceHai^that  the  magnetic  force  im-  thehorizontnlneedle;  forifwetumround 
parted  to  the  needle  should  be  the  same  the  whole  instrument  horizontally  (so  ai 
in  degree  as  it  possessed  prcviou^  to  to  place  it  succesnvelv  in  different  aii- 
the  operation.  The  coincidence  of  the  muths),  till  we  find  that  in  which  the 
poles  with  the  extremities  of  the  lonzi-  needle  assumes  an  exactly  Terttcal  po- 
tudina]  axis  may  always  be  insured  ny  sition,  the  plane  of  its  motion  is  then  ex- 
adopting  the  precaution  of  placing  the  acll^  at  r^t  angles  to  the  magnetic 
needle  in  a  graove,  to  {irevent  its  lateral  meridian ;  and  the  latter  may  therefore 
motion,  and  by  confining  the  sides  of  be  determined  from  the  former. 
the  ma^et  t)y  parallel  strips  of  wood,  (314,)  By  comparing  the  inclination 
•o  that  m  moving  aJong  the  needle  they  of  the  dipping-needle  to  the  horiion,  in 
may  preserve  its  direcLon.  two  different  positions,  such  that  the 
(3H.)  If  the  distance  between  the  planes  of  its  rotation  are  perpendicular 
centres  of  motion  and  of  gravity  be  con-  to  each  other,  we  mav.  by  the  following 
liderable,  the  arcs  in  the  alternate  ob-  trigonometrical  formula,  deduce  the  dip, 
servations  will  be  on  different  ^es  of  If  the  inclinations,  observed  in  the  two 
the  vertical,  especially  when  the  dip  is  aiimuths,  be  represented  respectively  by 
great ;  in  such  cases  the  arcs  to  the  ff  and  S",  and  the  dip  itself  (or  the  inch- 
south  of  the  vertical  are  read  nega-  nation  in  the  magnetic  meridian)  by  }, 
tiveJy.    The  arcs  in  each  of  the  four  then, 

positions,  forming  the  data  from  which  Cot.  •J^cot.  •J'+cot  'S" 

the  dip  is  deduced,  are  the  arithmetical  Bymultiplying  observations  of  thii  kind 

means  of  several  observations,  usuallv  i"  different  azimuths,  and  taking  the 

nx,  half  of  which  should  be  made  with  mean  of  all,  we  may  arrive  at  a  vety 

the  face  towards  the  east,  and  half  with  accurate  determination  of  (he  dip. 
the  face  towards  the  west;  the  needle        (319.)  Mr.  Scoresby  has  pro)H)sed  an 

being  lifted  bytheY's  and  lowered  gently  ingenious  method  of  finding  the  dip,  by 

on  its  supports  between  each  observa-  observingthesituationin  whichbar-iron, 

tion.    The  arcs  indicatedbyboth  endsof  void  of  permanent  magnetism,  loses  all 

theneedleshould  ■lsoberead,inorderta  power  of  affecting  the  compass  placed 

correct  the  errors  arising  from  inequSr  at   a  certain  distance  from  it;   for,  as 

lity  in  the  divisions,  or  from  the  axis  of  Mr.  Barlow  has  ascertained,  its  position 

the  needle  not  passing  correctly  through  must  then  be  m  the  plane  of  the  mag- 

the  centre  of  the  circle.  nelic  equator.    The  inclination  of  the 

(312.)  In  order  to  insure  the  perfect  pl^e  to  the  horizon  is,  of  course,  equal 

horiiontalitv  of  the  agate  planes  which  to  the  complement  of  the  dip.    Mr. 

supported  the  axis  of  the  dipping-needle  Scoresby  has  described   an  instrument 

on  Mayer's  construction,  employed  l)y  calculated  for  making  this  species   of 

Captain  Satnne,  a  spirit  level  was  at-  observation,  in  the  Transactions  of  the 

tached  to  a  circular  brass  plate,  of  the  Royal  Societv  of  Edinburgh*. 
proper  diameter  to  be  placed  upon  the        (316.)  Other  methods,  of  a  nature 

planes  themselves,  with  adjustments  to  somewhat  more  refined,  exist  for  dis- 

oring  it  parallel  to  the   plate.     The  covering  the  dip,  which  depend  on  the 

errorsofthe  levelwereshownby  placing  admeasurement  of  the  intensitiea  of  the 

the  plate  in  various  positions  horizon-  magnetic  forces  by  which  the  needle  is 

tally ;  and  the  error*  of  the  planes  by  urged  in  different  positions  of  the  axis 

turning  the  whole  instrument  upon  its  and  plane  of  rotation.    The  magnetie 

horizontal  centre.    When  these  errors  force  derived  finjm  the  influence  of  (he 

were  adjusted,  and  the  pluies  and  plate  earth,  and  acting  in  the  direction  of  the 

perfectly  horiiontal    the  apices  of  two  <Iip<  may  be  resolved  into  other  forces, 

cones,  which    proceeded   perfect^  at  which  will  bear  to  one  another  the  same 

right  angles  from  the  plateuniting  them  ratios  as  the  sides   of    the  triangles 
M  their  base,  and  were  equal  to  the  di»-  •Volk.^m? 

QOOgk 


which  KpreMBt  them.  Tbfl  uigles  of 
these  triangles,  the  dip  being  ooe  of 
thwe  angita,  may  be  determined  liy  the 
tiiKonometrical  relations  of  these  lines 
irhen  two  of  them  are  giTen.  All  that 
ia  required  for  this  purpose  is  to  ascer- 
tain the  ratio  of  the  fijrces  which  act  in 
directions  panUlei  to  these  lines,  and  are 
proportional  to  them.  Of  the  methodj 
Of  which  tiw  intensit;  of  these  forces  is 
to  be  messnred,  we  shall  proceed  to  treat 
in  the  next  section, 

$  6.  Method*  of  determining  the  inten- 
tiliet  qf  tht  Magnetic  Force*. 
(317.)  When  a  msglietie  needle  is 
moreahle  in  anf  plane  on  an  axis  that 
passes  through  its  centre  of  graritf ,  so 
that  Its  moTemetlts  are  simply  the  ef. 
f^ts  of  the  magnetic  forces  m  the  earth 
acting  upon  the  two  polarities  of  the 
needle  (which  may  be  considered  as 
Concentrated  in  its  poles),  it  tshes  a 
certain  position,  whidi  is  tliat  in  which 
the  fbrces  are  in  equilitiriun).  Let 
needle  8N,  J^.  70,  for  etample,  be 
tnoTeahle  on  an  axis  at  X,  perpendi- 
cular to  the  {dane  of  the  figure ;  and  let 
Fig.  70, 
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ration  in  any  other  position,  as  SN,we, 
must  resolve  the  force  represented  by  the 
line  NE into  two  others;  the  one,  N*, 
in  the  direction  of  the  radius  of  rotation 
XN,  proionced  ;  and  the  other  in  the 
direction  NR.  perpendicular  to  if.  Tlie 
force  N  x,  being  opposed  by  the  fixed 
axis  at  X,  contributes  in  no  respect  to 
produce  motion  ;  NR  is  the  only  part 
of  the  terreatrisJ  force  that  turns  the 
needle  upon  its  axis.  Now  it  is  tri- 
dent that  NR  is  to  NE,  as  the  sine  of 
the  angle  NER,  or  its  equal  ENx,  to 
the  radius;  but  the  force  represented 
by  the  line  NE  being  a  constant  force, 
the  rotatory  fbrce  NR  will,  in  erery  po- 
sition of  the  needle,  be  invariably  as  lite 
sine  of  the  angle  S.Hx,  made  bj  the 
needle,  on  its  prolonged  diieelion,  witb 
the  direction  of  the  terrestrial  force. 
The  same  reasoning,  in  all  respects,  uy- 
piies  to  the  force  S  e  acting  on  the  pole 
S ;  but  since  it  acts  on  the  other  sida 
of  the  axis  in  a  contrary  direction,  it 
will  concur  with  the  force  acting  on 
the  pole  N,  in  giring  the  same  rotatofT 
motion  to  the  needle.  The  elftct  will, 
thv«fore,  be  equsi  to  the  sum  of  these 
two  rotatory  forces,  and  will  be  twica 
as  srtat  as  either  of  them  taken  sepa- 
rately; and  the  resultant  will  still  be 
proportional  to  the  sine  of  tlw  angle  vt 
inclination. 

(31S.)  A  little  consideration  will  en- 
able us  to  percchre  that  the  cotidition  <tf 
the  needle,  with  regard  to  the  magnetic 
forces,  is  analogous  to  that  of  a  lever 
moTCubk  on  a  horitontal  axis,  and 
acted  upon  by  the  force  of  gravity.  If 
we  suppose  a  straight  lever,  AB,  /Ig. 
71,  moveable  upon  an  axis  X,  at  n^ht 
angles  to  it,  to  Ik  raised  from  ttie  ver- 
tical position  a  b,  mbiih  is  that  o(  equi- 
librium, ioasmneh  as  gravitation  acts  in 
J%.  71. 


NE  he  the  direction  in  that  plane  at 
the  force  of  terreittial  magnetism  acting 
Upon  the  pole  N  ;  while  8  e,  opposite 
and  parallel  to  NE,  Is  the  direction  of 
the  fbrce  in  the  same  plane,  acting  upon 
the  pole  8.  The  position  to  which  the 
needie  is  brought  by  these  force*  is  *  n, 
parallel  to  the  common  direction  of 
these  forces,  when  they  are  in  direct 
opposition  to  each  other,  and  therefore 
in  equilibrium.  In  order  to  estimate 
the  rotatory  effidency  of  tbeforces  in  ojie- 
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that  direction,  and  placed  in  the  inclinei]  BcMf  <nnh  the  plnne  of  the  magnetic  me- 
poiilion  AB,  it  is  ndl  known  th&t  rid ia.n,  just  os  if  it  hid  been  suspended 
the  rotatory  action  of  the  force  of  gra-  by  its  o*in  centre.  Had  there  existed 
vity  actinguponallitsparticlesiiequi-  Sny  force  impelling  it  horwonliilly,  it 
TfiienI  to  aamgle  foree  acting  upon  a  would  have  occasioned  a  deviation  from 
piiint.O,  whicli  is  calledthecentreofos-  this  plane,  acting  a<F  it  miiE!t  hare  dnne 
dilation;  and  also  that,  in  order  to  esti-  wilh  the  adTantageof  thelcTerAC,  Bill 
matenhatportionof  that  force  OE  con-  the  two  equal  forces  aciittg  difierentif 
tritmlea  to  ita  rotation  on  its  axis,  we  wpon  lh»  two  magnetic  poles,  Ihrni^ 
must  resolve  it  into  one  in  the  direction  opjiosed  with  respect  to  any  tnotit)ti  of 
O  a:,  and  another  in  the  direction  O  r,  translation,  yei  eoimtrf  in  their  rotalttrf 
a(  right  angles  to  it ;  this  latter  force  action,  andmay,  con^uently,  At  AT  hi 
heing  in  all  ceseD  proportional  tothe  tine  relates  to  this  action,  be  regarded  n  i 
of  the  angle  fiOx,  or  its  equal  fiXA.  single  force  of  twice  the  DiteRsit}'  Of 
The  only  diflerenCe  twtvreen  this  case  either  of  theffl  tfthen  singlyi 
and  the  one  we  have  been  considering,  (8*0,)  It  h  evident,  tnfcn,  tttit  th» 
is  (hat  here  the  force  is  single,  whereas  satUc  dynamical  ]aWi  ^hi«h  ntgulktk 
there  are  two  fomea  acting  upon  the  the  motions  of  a  compomid  penrlulaiili 
magnetic  Pples.  actuated  by  terrestrial  gravity,  will  Mm 

(319.)  These  two  forces  beingalvrays  regulate  those  of  a  magnetic  fwedle,  bi» 
precisely  eqnal  and  In  oppo^te  diree-  lanced  on  its  Centre  of  gravity,  and  ai!> 
tions,  perfectly  balance  one  another  tuated  by  terrestrial  magnetlsid.  TM 
with  reference  to  any  motion  of  the  same  peAdulutn,  It  ii  well  known,  peN 
vAn/enMd/e,  either  towards  or  from  the  forms  all  its  vibrations  in  equal  tItneVi 
earth.  This  admits  of  experimental  whatever  be  the  length  of  the  ans  111 
proof;  for,  in  the  first  place,  were  there  which  they  are  performed,  providid 
any  balance  remaining  in  favour  either  that  arc  be  not  too  great.  If  we  estl^ 
of  the  attr^tive  or  repulsive  forces  mate  the  length  of  a  pendulum  tiy  th* 
emanating  from  the  earth,  the  efitct  distance  between  Its  centre  Of  inolimt 
would  be  shown  by  an  apparent  change  and  its  centre  of  oscillation,  then,  tit 
in  the  weight  of  the  needle;  if,  when  pendulums  of  different  lengths,  and  Itt 
magnetised,  it  were  on  the  whole  at-  silualions  where  the  fbVce  of  gravity  is 
tracted  to  the  earth,  it  would  appear  ditt'erent,  the  squares  of  the  times  Of 
heavier  than  before ;  if  repelled,  lighter,  performing  a  given  number  of  vUffa*- 
But  no  such  change  it  observed  to  take  tinns  are  directly  proportional  to  the 
place.  Neither  is  there  any  tendency  lengths  of  the  pendulums,  and  In- 
munifested  in  a  magnetised  bar  to  a  versely  proportional  to  the  force  of 
iHteral  or  horizontal  motion.  Thisraay  gravity.  Now  tlie  numberof  vibrations 
he  proved  by  placing  it  at  the  end  of  a  performed  in  a  given  time  is  inversely 
light  frame  of  wood,  AB, />[■  ?2.  which  as  the  time  employed  in  eaeh  vibra- 
upended  at  it*  centre  G  by  means  tion  ;  therefore,  the  square  of  the  nunt- 
tine  silk  threriit,  T ;  a  weight,  W,  ber  of  vibration*  in  a  given  timewlll  be 
„.  inversely  proportional  to  the  length,  and 

'w-  '»•  directly  proportional  to  the  force    of 

gravity. 

(321.)  The  same  formula  being  ap- 
plicable to  the  vibrations  of  magnets, 
a  very  simple  computation  will  enable 
tis  to  arrive  M  an  estimate  of  the  eotn- 
parative  forces  acting  on  tlie  same  mag- 
net in  different  meiinalions  of  the  Htil^ 
/and  in  different  situations  with  respect 
y^  to  the  position  of  equilitnium  in  the 

^^^^  ^^^^^^^  plane  of  motion.    We  have  only  to  dii^ 

^^^^^^^^■^"  turb  it  slighiW  flwm  this  position,  ami 
count  the  numberof  vil>ratiDns  it  mskel 
in  A  given  time,  a  minute  fof  exaftipie, 
beinET  placed  at  the  other  end  to  act  as  a  in  different  cases:  then,  taking  tiw 
counterpoise  to  the  magnet  NS.  When  squares  of  these  numl)ers,  they  will  ba 
left  to  itself,  it  will  be  found  that  the  proportional  tothe  intensities  ofthe  tBN 
whole  apparatus  will  turn  round  until  restrial  magnetic  forces  that  are  in  opt* 
the  diiecliou  ol  the  needle  coincides  ex-    ration  in  these  several  instances. 
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(322.1    The  preceding  reasoning  is  pfg^  -3, 

founded  upon    the     supposition   that >f 

the  axis    of  motion  passed  accurately  _,---''                J''^ 

through  the   centre  of  gravity  of  the  /'               ^^    \ 

magnet ;  so  that  the  effect  of  gravity  ^^           \ 

was  removed,  and  could  not  in  any  vfay  j^iL 

interfere  with  the  rotatory  force  of  mag-  ''''/^    *•      -■■'''' 

netism.    This,  however,  is  a  condition,  *       

which  it  is  next  to  imposaible  practically 
to  fulRI ;  and  if  it  be  not  exactly  fulfilled, 
then,  whenever  Ihe  centre  of  gravity  is 
not  in  the  precise  line  passing  vertically 

through  the  centre  of  suspension,  the  NE  the  line  of  dip;  NR  a  horizontal 

effect  of  gravity  is  to  impart  to  that  line  perpendicular  \a  SN.    The  force 

diile  of  the  magnet,  on  which  the  centre  N£  is  resolved  into  RE,  perpendicular 

is  found,  a  tendency  to  preponderate  ;  to  RN,  and  which  beingoutoflheplane 

and  its  oscillations  are  no  longer  pro-  of  motion,  and  perpendicularto  it,  does 

duced  by  the  simple  action  of  the  mag-  not   contribute  to  the   motion   of  the 

neiic  forces,  nor  directed  to  the  exact  needle,  and  NR  the  horizontal  force  ; 

line  of  Iheir  action.    The  only  method  which  latter  w  to  NE  as  the  cosine  of 

of  correcting  this  source  of  error,  when  the  ancle  ENR  is  to  the  radius.    This 

it  is  not  very  considerable,  is  to  reverse  force,  NR,  is  constant  in  all  positions 

the  polarities  of  the  magnet,  and  make  of  the  needle  in  the  horizontal  plane ; 

a  new  set  of  observations  on  the  incli-  and  acts  always  in  parallel  directions, 

nation  and  intensity  in  this  state  of  the  Its  rotatory   action,   however,   will,  of 

magnet  i  and  Ihen  to  take  the  mean  of  course,  depend   upon  the  deviation   of 

the  corresponding  observations,  which,  the  needle  from  ue  position  of  equili~ 

in  consequence  of  the  compensation  of  britim,  that  is,  upon  the  angle  which  it 

the  opposite  errors  existing  in  the  two  makes  with  the  plane  of  the  meridian ; 

modes  of  eslimation,   will  express  the  t)eing  proportional  to  the  sine  of  that 

true  value  of  the  quantity  sought.  angle.    The  oscillations  are  therefore 

(323.)  In  order  to  compare  the  re-  isochronous,  that  is,  performed  in  equal 

■ulls  of  two  sets  of  observations  on  times,  whether   the    are  be  large   or 

magnetic  intensity  in  different  parts  of  small,  like  those  of  a  pendulum ;  and 

the  world,  it  is  necessary  to  employ  the  are  governed  by  the  laws  above  stated 

same  needle  in  both  cases;  since  the  as  applying  to  those  of  pendulums;  and 

application  of  the  various  formulae  ne-  the  same  remark  ^ipbes  equally  to  the 

cessary  to  Ik  employed  for  comparing  oscillations  of  the  dipmng-needle  per- 

the  action  of  the  aune  force  on  two  dif-  formed  in  the  plane  of  the  magnetic  me- 

ferent  needles  would  be  attended  with  ridinn. 

great  difficulty  and  uncertainty.  (325.)  When  the  position  of  the  axis 

(324.)  The  oscillations  of  the  com-  of  the  dipping-needle  is  changed,  so  that 
pass-needle,  which  moves  in  a  hori'  the  plane  m  which  the  needle  moves  is 
zontal  plane,  furnish  data  for  the  calcu-  no  longer  that  of  the  magnetic  me- 
lation  of  the  intensity  of  that  part  only  ridian.  though  still  vertical,  the  force  by 
of  the  terrestrial  force  which  acts  in  that  which  it  is  actuated  is  in  like  manner  to 
plane  ;  whereas  those  of  the  dipping-  be  estimated  by  that  portion  of  the  tcr- 
needle,  moving  on  a  horizontal  axis  and  reslrial  force  which,  on  being  resolved, 
consequently  m  a  vertical  plane,  when  has  the  direction  of  that  plane;  that 
that  plane  coincides  with  the  magnetic  portion  which  is  perpendicular  to  the 
meridian,  indicate  the  full  amount  of  the  plane  being  of  no  effect. 
force  of  Uie  terrestrial  magnetism  at  the  Let  the  circle  SANB,y^.74,  repre- 
pUce  of  observation.  The  ratio  be-  sent  the  plane  of  the  motion  of  the 
tween  these  two  quantities  is  that  of  the  needle  SN;  NB  being  the  line  of  dip, 
base  and  hypothenuse  of  a  right-angled  or  the  direction  of  the  terrestrial  forces. 
triangle,  inclined  at  an  angle  equal  to  The  force  represented  by  NE  may  be 
the  dip ;  that  is  to  say,  the  intensity  of  resolved  into  the  two  forces  NV  and 
the  horizontal  force  is  to  the  intensity  NH,  the  one  perpendicular  to  the  ho- 
of the  whole  force  as  the  cosine  of  the  rizon,  and  the  other  parallel  to  it.  Let 
anele  of  the  dip  is  to  the  radius.  Let  the  former  be  denoted  by  the  letter  i>, 
9!t{,fig.  73,  be  the  bniiotital  needle ;  and  the  tatter  b;A;  and  let  us  call  the 
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fnrce  of  the  earth  e.  Let  S  be  the  angle 
of  the  dip  ENH,  and  d  the  complement 
of  that  angle,  or  ENV. 

Then  by  the  projwrties  of  the  triangles 
NVE.  orNEH,  weha»e 

v  =  e  can.  d;  and  h=e  sin.  d. 

(326.)  The  force  v,  being  vertical, 
acts  whollv  in  the  plane  of  (he  needle's 
molior,  SANB ;  but  the  force  A  is  out 
ot  that  plane,  and  must  be  decomposed 
into  two  others;  the  one,  HP,  perpendi- 
cular to  that  vertical  plane,  and  which  we 
ahall  cally;  the  other  NP.  which  we 
shall  call  X,  directed  horizontally  in 
that  plane.  The  angle  HNP  is  equal 
to  the  deviation  of  the  vertical  plane 
SANB  from  the  magnetic  meridian; 
let  us  call  tbis  angle  a- 

We  shall  thus  have 
y-h  lin.  z;  and  x=h  co&  »; 
or.  subslitutinK  for  A  ita  valne  as  ex- 
pressed in  the  former  equation,  and 
jojnbg  the  valtie  of  v,  we  have, 

y=e,  vat.d.wm.d. 
x=e,  lin.  d,ea%.a- 
Of  these,  the  force  y  is  destroyed, 
being  resisted  h;  the  axis  of  motion  ; 
and  the  forces  p  and  x  are  those  only 
which  are  effective  in  giving  motion  to 
the  needle.  Let  K  express  the  re- 
sultant ot  these  forces,  and  ^  the  ande 
which  it  make*  with  a  vertical  line.  We 
shall  have 

and  tai^.  0=  — , 

or,  substituting  forr  andp  their  respec- 
tive values,  as  above  found. 

R  =  ecos.rf  -/  1  +  tang,  "d,  cos.*«; 
tanir,  9  =  lane.  d,  cos.  a. 
(327.)  From  these  equations  many 


important  consequences    may  be  de- 

In  the  first  place  we  may  deduce,  that 
the  intensity  of  the  force  R  diminishes 
as  the  angle  at  increases ;  or  in  other 
words,  as  the  plane  of  motion  deviates 
more  from  that  of  the  magnetic  meri- 
dian. It  is  f^eatest  when  these  planes 
coindde,  being  then  equal  to  e;  it  is 
least  when  they  are  at  right  angles  to 
one  another,  for  then  k=90°,  and  cos. 
a =0,  whence 

R=e.cos,d. 

(328.)  The  direction  of  the  resultant, 
and  consequently  the  position  into 
which  it  brings  the  needle,  also  vary 
in  the  different  azimuths  in  which  it  is 
placed.  In  proportion  as  the  angle  ^ 
increases,  the  cosine  of  that  angle  dimi- 
nishes ;  and  therefore  the  tangent  of  the 
angle  0,  which  expresses  the  angle  the 
resultant  makes  with  a  vertical  line, 
also  diminishes.  Hence,  in  proportion 
as  the  plane  of  motion  comes  nearer  to 
a  position  perpendicular  to  the  magnetic 
meridian,  the  position  of  the  needle  will 
approach  more  nearly  to  the  vertical 
position ;  and  it  is  exactly  vertical  when 
ita  plane  of  motion  has  arrived  at  that 
situation.  This  has  been  already  no- 
ticed as  affording  a  method  of  deter- 
mining the  position  of  the  magnetic 
meridian,  independently  of  the  hori- 
zontal needle  ($31 3). 

(329.)  We  may  deduce  also  the  for- 
mula given  in  j  314,  from  the  foregoing 
equations ;  fur  when  the  two  azimuths 
in  which  the    observations  are    made 
differ  t^  9D  degrees,  the  tangents  of  ip 
in  the  two  case*  will  be  respectively 
tang,  p   =  tang,  d  cos.  a 
tang.  ^'  =  lang.  d  sin.  a- 
By  taking  the  squares  of  each  term  of 
these  equations,  and  adding  tbem.  we 

tang,  'd  =  tang.  V  +  I  ang.  '^ ; 

which,  when  S,  S'  and  j"  express  the 

angles  of  the  dip,  or  the  complements 

of  d,  $,  and  9",  respectively,  become 

cot.  *J  =  cot  'S*  -}-  cot  'y , 

(330.)  The  same  formula  is  derivable 
more  simply  from  the  following  consi- 
derations :— 

Let  XD,  fig.  75,  be  the  line  of  dip 
in  the  magnetic  meridian ;  and  let 
XVFA,  XVGB,  be  the  two  vertical 

? lanes  at  right  angles  to  each  other. 
rnm  D,  draw  the  lines  DF  and  DG, 
Kpendicular  to  these  planes ;  and  also 
and  GV,  perpendicular  to  XV.  The 
linesXF  and  XG  will  be  the  positions  of 
the  needles  in  these  planes,  according: 


to  the  law  already  itated,  i  IB.  Takinn 
XV  as  radius,  the  linea  VF,  VG,  and 


and 


■in.  }  = 


Vn  ara  the  tangents  of  Iha  anjikt 
VX9.  VXG.  and  VXD,  wspectively  j 
and  in  (lie  riiht-aneted  triangle  VDF, 

VD»  =  VP  +  FD'; 
that  it     (Fi>  beine  -  VG) 

VDt=VF«-t-VG»: 
OT    fang.  •VXD=t«iiR.  'VKF  +  tan?, 
*VXG ;    vhioh  ii  the  formula  above 

(331.)  On  the  other  hand,  the  deter- 
minationa  of  the  relative  intensities  of 
ttie  mucnetio  foracB  in  dig^rent  planes 
furnish  data  for  the  oompulalioa  of  the 
Biiglei  which  those  planes  make  with 
the  line  of  the  dip,  or  the  direction  of 
terreitrisl  ma^etiam.  Thus  the  amount 
of  the  dip  ra&y  be  determined  by  com- 
paring tha  number  of  oscillations  in  a 
given  time  mada  by  the  game  needle, 
vrhen  vibrating  in  the  plane  of  the  maic- 
netic  meridian,  and  also  in  a  vertical 
plane  at  riKht  anglai  to  it.  For  the 
squares  of  these  numbers  being  as  the 
intensities  df  the  forced  which  respee- 
lively  aet  in  these  planes,  and  Ihe  force 
in  the  former  t»se  being  to  that  in  the 
latter  as  the  radius  to  the  cosine  of  the 
angle  d,  which  the  line  of  dip  makes 
-witn  a  vertical  line,  we  obtain  the  latter 
by  a  simple  proportion  when  the  former 
are  given.  Resuming:  the  notation  be- 
fore employed,  let  e  oe  the  total  terres- 
trial iotc»  acting  in  the  plane  of  lh« 
ma^etic  meridian,  and  v  that  part  of 
it  which  acts  in  a  vertical  plane  at  right 
anicles  to  the  magnetic  meridian ;  and 
let  N  and  n  express  the  number  of  os- 
ciUations,  in  a  given  time,  which  the 
dipping-needle  parforms  in  these  two 

£  lanes  respectively :  v  =  e  cos.  d,  or,  d 
trng  the  oDOiplement  of  £; 


(332.)  We  than  Eive  the  foUowiog 
example  of  Ihe  application  of  these  for- 
mule  to  the  observations  of  nugnetie 
intensity,  made  by  Humboldt,  near 
Quito,  exactly  at  (He  tareatiial  Equa- 
tor, and  at  longitude  Sl°2'  west  from 
Paris.  The  number  of  oscillations  made 
by  the  dipping-needle  vibrating  in  Ihe 
magnetic  meridian,  during  ten  minutes, 
was  220:  the  number  of  oscillations, 
niade  in  toe  same  time,  when  it  vibrated 
in  a  plane  perpendicular  to  it,  was  109. 
Sbbstituting  these  numben  in  the  for- 
mula Eur  N  aad  n  respectiTely,  we  ob- 


220*   ~   48400 
Prom  log.         118BI  =4.0748530 

Subtract  log.    48400  =  4.6e4S4&4 

there  remains  log.  sin.  S  =  9.390U07S 

whence  we  get  J  =  14"  12'  35". 
The  direct  observation  of  the  dip,  by 
the  dipping  needle,  was 

S  =  14°  2S'  5", 
the  di^rence  between  the  two  methods 
being  only  12'  30". 

(333.)  The  angle  of  the  dip  with  Ihe 
horiion  may,  in  like  manner,  be  ot>- 
tained  by  comparing  the  relative  inten- 
sities of  the  forceSj  as  determined  by  the 
squares  of  the  number  of  oscillations  in 
a  given  time,executed  in  the  plane  of  the 
m^^etic  meridian,  and  also  in  a  hori- 
aontal  plane :  for  they  are  in  Ihe  pro- 
portion of  the  radius  to  the  cosine  of 
the  dip;  or,  if  we  call  the  number  of 
oscillations  made  by  the  horjiontd  nee- 
dle V,  while  N  is  that  made  tjy  the  same 
needle,  suspended  aa  a  dipping- needle, 
and  placed  in  the  plane  of  the  magnetic 
meridian ;  then 


cos.  $  = 


N» 


(334.)  Methods  have  been  devised 
for  determining  the  dip,  from  the  result 
of  observationn  made  with  Ihe  horizon- 
tat  needle  alone,  by  comparing  its  num- 
ber of  oscillations  with  the  weight  of 
the  counterpoise  necessary  for  maintain- 
ing it  in  Uie  horiionia]  position  when 
nugnetiied.  But  the  formula  and  mode 
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of  compntatioa  ue  much  mors  eonpti'  fau-  wu  replaced  m  the  Blirmp,  and  iti 

cated  than  those  ire  have  given;  and  horizontalitv  ascertained  by  iti  accord- 

we  must  therefore  refer  our  readers  for  ance  with  the  circle,  the  degree  to  which 

thedetaiis  toBiofaTrait^dePhysique*.  it  settled  beinj;  reRistereil  as  the  zero. 

(335.)  The  detenu inat ion  of  the  in-  It  nan  then  drawn  about  forty  degrees 
tensity  of  terrestrial  magnelitm  may,  in  out  of  the  meridian,  and  retained  by  a 
general,  be  made  with  much  greater  copper  wire  passing  through  the  glass 
accuracy,  by  olwerving  the  oscillations  top,  and  capable  of  being  moved  in  aii- 
of  a  needle  moviiw  horizontally,  than  muth  from  its  outside,  and  of  being 
in  any  other  way:  Dec  ause  the  mode  of  riused  so  as  to  release  tha  needle  at 
■uspension  ne  can  employ  for  obtaining  pleBsure,,in  order  to  commence  its  os- 
a  horiiontal  motion  is  much  more  deli-  ciUations.  These  were  not  noticed  until 
eate,  and  much  less  impeded  by  friction,  the  arc  had  diminished  to  thirty  degrees, 
than  any  other  motion  on  a  fixed  axis  when  the  registry  uf  them  cammenced, 
can  be.  The  greater  duration  also  of  and  was  related  at  the  close  of  every 
the  period  through  which  the  oscilla-  tenth  vibration,  until  the  arc  had  stifi 
tions  continue  enables  us  to  ascertun  ftirther  diminished  to  ten  degrees,  when 
with  greater  exactness  the  average  time  the  experiment  was  concluded.  The 
of  the  vibration.  Hence  a  silken  sus-  box  was  usually  placed  on  the  groun(^ 
pension  is  much  to  be  preferred  for  in  a  sheltered  situation,  far  from  build- 
delicate  experiments  witli  horizontal  ings,  Qr  other  sources  of  local  inter- 
needles,  to  that  of  balancing  them  on  ference ;  the  only  adjustment  required, 
a  point  byan  agate  cup.  besides  that  of  the  silk  thread,  was  tp 

(336.)  The  following  description  of  render  the  graduated  circle  horiiontat, 
the  apparatus  used  by  Captain  Sabine,  which  was  accomplished  by  a  pocket 
in  the  voyages  to  the  arctic  regions  in  spirit  level,  and  wooden  wedges  placed 
the  year  1822  and  1823,  may  furnish  beneath  the  tmx. 
valuable  practical  information  to  those  (377.)  Six  bars  were  used  in  this  tp- 
who  may  nereafter  conduct  experiments  inratus.  differii^  from  each  other  con- 
of  the  same  naturet.  A  mahogany  siderably,  both  m  rapidity  of  vibration, 
boxnasprovided,made,forconvenience,  and  in  the  duration  of  the  interval  of 
of  an  octagonal  shB|ie,  with  a  top  of  oscillation  between  thirty  and  ten  de- 
stout  glass ;  its  height  was  fifteen  grees.  They  were  seven  mohes  long,  n 
inches,  and  its  diameter  sufficient  to  Quarter  of  an  inch  broad,  O.IS  inchea 
allow  a  horizontal  bar  of  seven  inches '  tnick,  and  strongly  magnetized.  "Vihea 
in  length  to  vibrate  freely  when  sus-  not  in  use,  they  were  kept  in  |)airs,  in 

ended  by  a  silk  line  passing  through  a  the  usual  manner,  as  described  in  f  218, 
ass  button,  insertea  in  a  perforation  J^.  60,  being  combined,  with  their  op- 
in  themiddleoflhegla^s  top.  A  metal  posite  poles  united,  in  separate  boxes; 
circle,  fixed  in  the  nottom  of  the  box,  and  eacn  bar  was  placed  by  itself  in  the 
of  rather  more  than  seven  inches  dia-  direction  of  the-  meridian  for  two  or 
meter,  measured  the  arc  of  vibra-  three  hours  before  its  lime  of  vibration 
lion.  The  bar  was  carried  in  a  light  was  ascertained.  The  liqics  were  re- 
stirrup,  into  which  it  was  slid  until  cor-  giitered  (□  fractional  part*  of  a  second 
rectly  balanced.  The  silk  thread,  from  by  the  beats  of  a  chronometer,  having 
which  the  stirrup  was  suspended,  was  a  rate  inappreciable  in  the  interval. 
flflren  inches  long,  and  consisted  of  a  (33S.)  It  should  be  observed,  how- 
sufficient  numlier  of  silk  fibres  to  sus-  ever,  that  comparative  experiments  on 
tain  the  weight  In  order  to  remove  magnelic  intentilies,  made  by  the  oscil- 
all  influence  from  the  tendency  in  the  lalions  <ft  needles  balanced  honsontally, 
■ilk  to  untwist,'  a  brass  bar,  equal  in  are  hable  to  a  source  of  error  wh^n 
weight  to  the  magnetic  bar,  was  first  they  are  njade  in  places  in  which  the 
introduced  into  the  stump  in  place  of  dip  is  considerably  different.  For  one 
the  latter,  and  the  silk  thread  allowed  to  of  the  poles  having  a  tendency  to  io- 
untwist  itself,  and  then  adjusted  by  dine  below  the  hoiiion,  the  axis  ^ 
turning  the  button  in  such  a  manner  as  suspension  must,  in  order  to  compeu- 
that  the  hrass  Kub.stitute  should  settle,  sale  for  this  tendency,  pass  through  » 
when  at  rest,  in  the  magnetic  direction,  point  on  that  side  of  the  centre  of  gra- 
This  t>eing  now  removed,  the  magnetic  vity,  so  as  to  give  an  equal  prepon- 

-.-— — ; — = deiance  to  theolherside.     Hence  arises 

t  Ae™=I,'I\£»™n«i.  »d.wr»*.  itaSiun  ■  difference  between  (he  two  arms  of 

at  ikt  HTik,  p.  tri.  the  lever,  and  couseijuently  a  ditlerence 
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ia  the  effect  of  the  force  applied  to 
them.  This  circumstance  hu  e»c&ped 
tiie  attention  of  the  most  skilful  olv 
■erren,  although  it  is  of  sufficient  im- 
portance to  destroy  all  contideDce  in  the 
comparison  of  experiments  made  in 
places  where  the  dip  ia  very  different  *, 
(339.)  We  have  seen  the  method  by 
ifhich  the  amount  of  the  dip  may  be 
delermined  from  the  comparative  inten- 
aities  of  magnetic  force  in  the  plane  of 
the  magnetic  meridian,  and  in  tne  hori- 
lonlal  plane.  It  is  easy  to  see  how,  by 
Kversing  the  procesa,  we  may  arrive  at 
the  knowledge  of  the  force  of  terrestrial 
magnetism  in  the  magnetic  meridian, 
from  observations  of  the  intensity  in  the 
horiiontal  plane,  when  the  dip  is  pre- 
viously known  ;  for  we  have  only  to 
augment  the  former  in  the  proportion 
of  the  cosine  of  the  dip  to  the  radius : 
or,  what  comes  to  the  same  thing,  to 
multiply  it  by  the  secant  of  the  dip. 
For  since 

«,..,.  J-A; 
it  foUowa  that 

e=_*_-  A.BecS 
COS.} 

(340.)  The  method  of  oscillations  is 
not  the  only  mode  of  determining  the 
intensity  of  magnetic  forces ;  for  the 
iameobject  may  lie  attained  by  employ- 
ing the  balance  of  torsion  :  but  in  i^ne- 
rw  the  former  method  is,  on  many  ac- 
counts, preferable. 

(341.)  It  would  conduce  much  to  the 
fiiture  advancement  of  the  science  of 
Magnetism,  if  the  absolute  intensity  of 
the  terrestrial  magnetic  forces  couiti  be 
Ascertained  by  a  standard  equally  deter- 
minate as  those  by  which  we  estimate 
the  atmospheric  pressure,  or  the  tern- 
perature  of  different  climates;  for  by 
repeating  the  same  process  of  observa- 
tion, in  the  courseofsuccessive  centuries, 
we  might  learn  whether  Ihe  intensity 
of  these  forces  experienced  any^variatioo 
similar  to  what  we  know  takes  place 
ia  their  direction. 

(342.)  The  method  which  first  sng- 
gests  itself,  would  be  to  observe  the 
variation,  the  dip,  and  the  intensity,  l>y 
means  of  three  needles,  respectively  ap- 
propriated to  these  objects,  and  carefully 
preserved,  with  a  view  to  a  repetition  o( 
the  same  experiments  at  distant  periods 
of  time.  As  it  is  possible  that  their 
magnetic  power  may  become  impaired 

•  Fmlllcl.  EUmtn  it  Fhjuiqu  EipErinnUlc 
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by  these  long  intervals  of  time,  it  would 
probably    be   necessary    to    magnctixa 

tliem  afresh,  employing  for  that  purpoae 
the  most  efficacious  methods,  so  as  ta 
induce  a  degree  of  masnetiam  wtiich 
shall  at  first  be  considerably  greater 
than  what  they  are  capable  of  reteining 
permanently.  When  left  for  a  certain 
time  to  themselves,  they  will  then  return 
to  their  natural  state  of  saturation,  and 
in  ttii^  slate  they  may  be  subjected  to 
the  experiments  in  (juestion.  Our  as- 
surance of  their  attaining  this  determi- 
nate degree  of  ma^etism  may  be  in- 
creased by  prcservmg  a  great  number 
of  needles.  Drought  to  this  state,  and 
noting  their  respective  powers ;  which 
records  may  afterwards  be  compared 
with  similar  observations  made  at  a 
future  period ;  for  if  they  should  be 
found  to  have  preserved  among  each 
other  the  same  relaiive  degree  of  strength, 
we  may  confidently  conclude  that  ao 
alteration  has  taken  place  in  their  mag- 
netic constitution,  and  that  they  are  well 
adapted  to  the  determination  of  the  ab- 
salute  force  of  terrestrial  magnetism. 

(343.)  If  a  method  could  be  dis- 
covered of  obtaining  a  material  for  the 
making  of  magnets  of  perCectly  uniform 
composition  and  qualities,  there  would 
be  no  necessity  to  employ  in  this  com- 
parison the  same  identical  magnets  at 
the  several  times  of  observation.  Steel 
would  evidently  be  unfit  for  the  purpose, 
its  composition  being  necessarily  varia- 
ble. Nothing  would  iinsw«r  so  well  as 
iron  alone,  which  mi^ht  be  obtained  in 
a  state  of  perfect  purity  by  proper  che- 
mical processes;  [or  Coulomb  found 
that  pure  iron,  however  soft,  may  be 
rendered  nearly  as  retentive  of  magnet- 
ism as  steel,  by  merely  tnisting  it.  All 
that  would  then  be  necessary,  would  be 
to  regulate  the  degree  of  twist,  so  that 
it  might  lie  constantly  the  stime  for  dif- 
ferent pieces  of  iron :  this  mieht  easily 
be  accomplished,  by  taking  them  exactly 
of  the  same  dimensions,  and  measuring 
the  number  of  turns  in  the  twist  given 
to  them.  Each  of  Ihe  bars  might  then 
be  magnetized  to  saturation,  and  em- 
ployed ^ther  separately  or  in  defined 
combinations,  and  their  ma^etic  forces 
examined,  both  by  the  torsion  balance, 
and  by  the  method  of  oscillations*. 

(344.)  Poisson  has  also  attempted  to 
resolve  this  problem  by  considerations 
of  a  mathematical  nature,  for  which  we 
must  refer  to  his  memoir,  read  to  the 
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Andemy  of  ScienCM  at  Paris,  in  Nov.  found  meiins  to  make  ten  experiments 

I82i,  wai  of  which  an  account  is  con-  in  the  course  of  the  voya^,  and  af  dlf- 

tamed  in  Pouillet's  Ellens  de  Phy-  ferent  altitudes.    The  concJusion  ihey 

*ique  •  deduced  from  the  average  of  all  their 

t  1      »__■__.      _    ji.      u        J.-  observations  JB.  that  Ihe  maiinetic  force 

'  M^^T^T^ir^/^  ■  ^?^  experiences  no  appreciable  din: i nut, ou 

^X,.      '#^'  ^"^**'  "*^''  "t  »ny  'Ji'f'i""  fr«n>  the  surface  of  the 

tt«  Sur/oca  qf  the  Earth.  earth,  as  far  as  4000  metres,  or  13.124 

(343.)  TntheyearIS04,MessTS.Gay-  feet. 

Lussac  and  Biot  undertook,  at  the  de-  (346.)  Many  important  facts  relating 

sire  of  the  French  government,  an  aero-  '"  ^^  question  have  lately  Ijeen  estab- 

■tatic  voyage,  eipressly  for  the  purpose  '"shed  by  M.  Kupffer,  in  tha  coune  of 

of  ascertaining   whether  the   magnetic  *   journey    to    the   neighbourhood    of 

force  experiences  any  perceptible  dimi-  Mount  Elbrouz.  in  the  Caucasus,  under- 

nution  at  considerable  elevations  above  taken  by  order  of  the  Emperor  of  Rus- 

tha  surface  of  the  earth.    De  Saussure  ■i<^  ■"  the  year  1B29,  and  of  trhich  an 

had  -inferred,  from  some  experiments  account  has  been  ^ven  in  a  paper  pub- 

which  he  made  on  the  Cot  du  G£ant,  U^hed  in  the  Memoirs  of  the  Imperial 

near  Mont  Blanc,  the  height  of  which  -Academy  of  Sciences  of  St.  Petersburgh". 

is343S  metres  (about  11,370  feet), that  M.Kupfferfoundthatlheinlensityof  ler- 

the  magnetio  force  of  the  sarth  was  re-  restrial  magnetism  really  decreased  as  tie 

duced  to  foui-flfths  of  what  it  was  in  the  ro^«  above  the  level  of  the  sea ;  and  that 

plains    t>ebw.      The    initniment   wilh  'hisdecreasewaamuchmoreconsiderable 

which  he   made  these  experiments  was  than  is  conformable  wilh  the  commonly 

nmplf  a  magnetic  needle,  suspended  by  received  hypothesis  of  a  focus  of  mag- 

a  very  fine  silk  thread.    Messrs.  Gay-  netic  forces  situated  at  the  centre  of  the 

Lussac  and  Biot  carried  with  them  a  globe.    He  even  thinks  that  the  experi- 

needle,  carefullr  constructed  by  Fortin,  ments  of  Gay- Lussac  and  Biot,  in  the 

and  ma^etized  by  Coulomb,  according  voyagejustmenlioned,  should  have  led  to 

to  jSpinus's    process.     No  iron  was  ^he  same  conclusion,  because,  although 

allowed  to  enter  into  the  construction  \'^^'t   could    not   delect  any  dififerenca 

of  !he  car  of  the  balloon ;  the  only  arti-  '"  '"«  apparent  intensity,  yet  since  the 

cles  of  iron  they  carried  with  them,  were  temperature  of  the   elevated  regions  of 

a  few   knives  and  a  pair   of   scissors,  the  atmosphere  in  which  they  made  their 

which  were  suspended  m  a  basket  below  observations  is  exceedingly  low,   it  is 

thecnr,  at  a  distance  of  from  twenty-five  probable   that  Ihe   magnetic  power   of 

to  thirty  feet,  so  that  theycould  have  the  needle  itself  was  greater  than  in  the 

no  sensible  influence  on  the  magnetic  warmer  atmosphere  at   the  surface  of 

needlb    The  continual  rotation  of  the  'he  earth  ;  so  that,  unless  the  terrestrial 

balloon   on  its  axis,  during  its  ascent,  force  had  really  diminished,  an  increase 

seemed  at  first  to  present  an  insupera-  o'  magnetic  intensity  would  have  been 

ble  obstacle  to  their  otwervingtbe  oscil-  apparent,  and  would  have  been  indicated 

Ifttions  of  the  needle.    But,  by  bringing  l?y  the  increased  frequency  of  the  vibra- 

themselves  in  a  line  wilh  terrestrial  oh-  ti<^")  >i  &  given  time.     As  this  increased 

jecti  and  Ihe  sides  of  the  clouds,  they  frequency  was    not  observed  to  take 

perceived  that  they  did  not  always  turn  p'ooe,  M.   Kupfler  concludes  that   the 

round  in  the  same  direction,  therolatory  lonx  ofterrestria]  magnetism  is,  in  fact, 

motion  gradually  decreasing,  and  then  ^^'  **  'he  height  to  which  they  had 

taking  place  in  a  contrary  direction.   By  I'C'ched,  than  It  is  at  the  surface  of  the 

watching   the    short  intervals    during  earth.     It  is    certain  that,  in  all  ex- 

which  they  remained  stationary  twtween  periments  of  this  kind,  the  temperature 

these  opposite  motions,  they  were  ena-  should  be  accurately  noted,  as  consti- 

bled  to  observe  five,  or  at   most  ten  luting  an  essential  element  in  the  rei- 

oscillations  at  a  time ;  they  were  obligwJ,  sonings  to  be  founded  on  them  t. 

however,  to  be  very  careful  not  to  agi-  Chapter  VII 

late  the  car,  for  the  slightest  motion,  >t^  ,.,  ««■„_.*■■_     *  n  j-     ,1  ■ 

■uch  as  that  produced  byletting  the  ga^  ^  "'  *^'V™''-^-  ^****'  "^  "* 

escape,  or  even  that  of  iKe  hand  in  writ-  ,  T'  ■f'"^^'^'^- 

iHR,  was  sufficient  to  turn  the  balloon  .    ^?*^'  H  has  long  been  suspected  that 

aside.     With    all    these    precautions,  w^ides  iron,  other  metajlic  substancea 

which  required  a  great  deal  of  lime,  they  ' '"    ^-~    '—                                      ' 


DMz.dDyG00gIC 


»a  MAGNETISUL 

mre  capable  of  eriuUtiiic  magnetic  phe-  its  biin;  enlirdj  void  of  nuwnetism  *. 

oomena.    Nickel,  and  tdao  cobalt,  have  We  have  leen,  la  the  case  or  brass,  that 

occasionally  been  found  obedient  to  the  tvro  ingredients,  which   in  themselves, 

action  of  the  magnet ;  and  sometimes  to  nben  separate,  are  devoid  of  magnetic 

Esaeu  considerable  degrees  of  polarity,  ausceptibility,  acquire  that  propcHv  by 
asa,  which  is  a  compound  of  copper  combmation.  Mr.  Hatch^  ascertained 
and  line,  has  likewise  lieen  observnl  to  that  a  lai^e  proportion  of  either  carbon, 
be  magnetic  under  certain  circum-  sulphur,  or  phosphorus,  combined  with 
stances,  especially  atler  it  has  t>een  ham-  iron,  enables  it  fully  to  receive  and  to 
mered.  Cavallo  atate^*  that,  when  retain  the  magnetic  properties:  but  that 
quite  soft,  brass  ha>  generally  no  per-  there  is  a  iinut  beyond  which  an  excesa 
eeptible  defpree  of  magnetism ;  and  even  of  either  of  these  lubatanceB  renders  ths 
those  pieces  which  have  acquired  this  compound  totally  insusceptible  of  mag- 
property  by  hammering,  again  lose  it  by  netism  +.  On  the  other  hand,  ioataitces 
annealing  or  softening  in  the  fire.  He  occur  where  the  admixture  of  the  mi- 
•eems  to  have  ascertained  that  the  ma^-  sutest  quantity  of  another  txMly  wiU 
netism  acquired  in  the  former  state,  is  entirely  destroy  the  magnetic  power  of 
not  owing  to  any  particles  of  iron  or  a  metal  possessing  that  power  when  in 
steel  imparted  to  the  brass  by  the  tools  a  pure  stale.  Mr.  Chenevis  found  that 
employed  in  the  hammering;  and  that  the  addition  of  anenic,  in  very  amall 
those  pieces  of  brass  which  have  that  proportion,  deprived  a  mass  of  nickel, 
property  retain  it  without  any  diminu-  which  had  previously  manifested  strong 
lion  after  having  been  hardened  and  magneticpower.oFtne  wholeofititnag- 
softened  severaltimes  in  succession.  If  netism  J.  Dr.  Matthew  Young  states 
one  end  only  of  a  large  piece  of  brass  be  that  the  smallest  admixture  of  antimony 
hammered,  that  end  alone  is  rendered  is  sufBeient  to  destroy  the  polarity  Of 
magnelic.     He  found,  however,  that  the  iron^. 

magneiicpowerwhich  brass  acquires  by  (150.)  In  the  minenJ  kuigdom  agreat 

hammerinz  has  a  certain  limit,  beyond  variety  of  substances,  and  even  some  of 

which  it  cannot  be  increased  by  further  the  precious  stones,  at  the  emerald,  the 

hammering^  and  that  this  Umitisdif-  ruby,  and  the  garnet,  exert  a  feetde  yet 

ferent  in  pieces  of  biaas  of  different  sensible    attraction   on   the    magnetic 

quality  or  thickness.  needle;  and  sometimes  even  acquire  a 

(348.)  Cavallo  next  examined  various  slight  degree  of  polarity], 

piecesof  copper  by  means  of  H  delicately  (351.)  Later  inquiries  ajqjear  to  have 

suspended  needle ;  hal  never  foand  them  established  the  fact  that  all  bodies  what- 

magnctical,  except  occasionally  in  those  soever  are,  in  a  greater  or  less  degree, 

parts  where  a  tile  had  been  applied,  and  susceptible  of  magnetism.    We  one  this 

where,  consequently,  some  parlicles  of  discovery  to  Coulomb,  who  exhitnted  his 

Bteel,  detached  from  the  file,  may  have  experiments  in  proof  of  it  at  a  sitting  of 

adhered  to  the  copper.     On  hammering  the   French   Institute,   in   1802,      The 

other  pieces,  l>oth  in  the  usual  way,  and  bodies   examined   were   cut   inio  small 

also  between  flints,  he  failed  in  obtain-  cylinders,  or  bars,  about  a  third  ot  an 

ing  any  decisive  result.    Zinc,  whether  inch  in  length,  and  about  the  thirtieth 

hammered  or  not,  showed  no  sign   of  of  an  inch  in  thickness:  but  those  which 

magnetism  whatever.  Platina  was  found  were  metallic  were  formed  into  needles 

to  possess  a  degree  of  magnetic  power  of  about  the  hundredth  of  an  inch  in 

nearly  equal  to  that  of  brass.  diameter.    Each  of  these  cylinders  was 

(349.)  The  magnetic  power  of  brass  suspendedby  a  thread  of  raw  silk,  which, 

is  sometime!  so  considerable  as  to  in-  being  exceedingly  fine,  could   scarcely 

terfere  verv  sensiblywiththemovements  anpport  more  than  from  100  to  159 

of  the  needle  in  compasses,  in  the  con-  grains  withoat  breaking:  on  this  ac- 

siruclion  of  which  brass  b  employed  count  it  was  necessary  to  reduce  the 

A  remarkable  instance  of  this  is  given  needles  to  very  small  dimensions.    They 

by  Mr.  Barlow  f.    Seebeck  has  recom-  were  placed,  when  thus  suspended,  tje- 

mended  an  alloy  of  two  parts  copper  tween  the  opposite  polea  of  two  sted 

wilh  one  of  nickel,  as  admirably  adapted     

for  the  manufacture  of  compasses,  from  T  m?!"'"?''',''i^°'"i^.    nm.     ■<> 

■^             '  1  FhiloHpbirBl  TniiifActKkDI  for  lH>4,p.  Bis. 

— — — — Nictiobon't  Jontn^l.  B'o,  tdI.  ill,  p.  137. 
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niaeneti,  arranged  in  the  snme  line,  and  mtenetic  action  of  all  substances  miglit 
leparated  about  b.  quarter  of  an  inch  Bafel^  be  taken  as  a.  crilvrion  of  the  pro- 
more  tlian  the  letvcth  of  the  needle  thtit  portion  of  iron  they  contain- 
was  lo  oseillale  Iwtween  Ihera.  What-  (353.)  On  the  oiher  hand,  the  indi- 
soever  was  the  substance  of  which  the  cations  of  magnetic  power  given  by 
needles  were  formed,  Ihey  always  ranged  nickel  and  by  cobalt  are  far  too  con- 
thtmselves  accurately  in  the  direction  of  siderable  to  be  accounted  for  by  the 
the  magnets;  and  if  disturbed  from  Ibis  a^^ncy  of  any  ferruginous  admixture. 
position,  returned  to  it  with  oscillations,  Biot  was  in  possession  of  a  needle  made 
vhich  were  often  as  frequent  as  tliirty  of  nickel,  vmich  Henard  had  exerted 
or  more  in  a  minute,  and  considerably  all  his  chemical  skill  in  rendering  as 
more  frequent  than  when  the  magnets  pure  as  possible :  the  directive  force  of 
were  removed;  thus  indicating  a  very  thii  needle,  when  magnetized,  was  not 
decided  force  of  attraction.  Needles  less  than  one-third  of  a  similar  needle 
mide  of  lin,  lead,  copper,  silver,  and  made  of  iteel*.  Now  the  proportion  of 
gold,  and  cylinders  ofglasa,  chalk,  bone,  iron  which,  if  added  to  the  nickel,  would 
and  different  sorts  of  wood,  together  be  required  to  impart  an  equal  degree  of 
with  a  great  variety  of  other  organic  magnetic  power,  is  far  beyond  what  can 
iul>slances,  both  animal  and  vegetable,  ever  reasonably  be  supposed  to  enter  in- 
weie  tried  in  succession,  and  with  the  totheconipositionof  nickelnopurified.  It 
same  result.  is  certainly  just  possible  that  nickel  may 

These  experiments  were  repeated  in  be  a  compound  metal,  containing  iron 

England,  by  Dr.  Young,  at  tne  Royal  as  one  of  its  ingredients ;  but  we  are  not 

Institution,  but  with  less  decided  sue-  justified  in  admitting  an  explanation  so 

eess:  the  force  of  attraction  indicated  extremely   hypothetical,    especially    as 

was  estimated  at  rather  less  than  the  there  are  other  facts  besides  those  above 

twa-thoutandth  part  of  the  weight  ofthe  mentioned,  which  tend  strongly  to  cor- 

■ubstance  employed.  robcrate  the  universality  of  matpietism. 

(3S2.)  TlierB  are  but  two  ways  of  ex-  Of  this  nature  are  the  evidences  of  an 

plaining   thtse  phenomena :    they   are  influence  exerted  by  tjodies  not  reputed 

either  owing  to  the  presence  of  minute  tnagnelic,  in  controAing  the  oscillations 

quantities  of  iron  entering  into  the  com-  of  a  magnetic  needle  placed  in  their  im- 

posiiion  of  all  the  bodies  which  manifest  mediate  vicinity;  and  also  the  pheno- 

ma!;nelic  propertieu,  or  else  they  war-  mena  of  the  mutual  influence  exerted 

rant  tlie  inference  that  all  these  bodies  between  these  bodies  and  magnets,  when 

possess  a  certain   degree   of    inherent  the  one  is  revolving  rapidly,  in  exciting 

magnetism.    If  the  former  mode  of  ex-  sympathetic  rotation  in  the  other.  These 

Silanation  be  the  Ifite  one,  we  shall  be     ""  """ ~"'    """    ^" 

orced  to  admit  that  iron  may  eiiist  in 
bodies,  in  quantities  so  minute  as  to 

-'  "■-  J- — .^—  1...  .u .  -u — :,..1  Cbaptbr  VIII, 

On  th«  Magnetitm  (^Halation. 

„„.     ^  «.  ..    ,.„  „.™...  ..,.„.  (314.)  OON.ID....U,  liBhl  h,.  Wely 

nisi.    V.U   unJertien   by  Conlonb  >»"  'l"«™  "pm  the  ,a..lio,.  of  Ibe 

.iih  .  ,i.v.  lo  ddemin.  this  poiol :  in  nni«ri«l|ly  -t  mameluiii,  by  Ih.  d» 

th.  tour,,  of  vhich  he  »ti,fieJ  him.elf.  ""7  »'  *=  >i"«P««rf  .ilecl.  .taoh 

lh.t..n.Jlerquanlily  of  iron  than  om  ">««('»•>■  th.  leo.prood    .obon  of 

be  di.=ov.red  By  .ny  ohemiMl  t.,t  yet  "■«""■     °r»,°"'."    M".    -'■•'i 

knov.o,.iU,.heiadaedto.body,in,p;tl  the  one  or  the  other  i.  omtamed  in  . 

to  it  .  verj  decided  m.i-netic  i^pW-  •"■';  '<  "P""  "'«'™-.v'."  !  *  \'Y 

bility.    Thi,  i.  the  ai  .hen  a  mrf.l  ''"  «•  A'W  •l'™tj  ">•' ''  *  Pl«= 

oonlain.  only  the  ISO.OOOlh  part  of  ita  »'  "f^-  »".'  f"?  »»■"  ■"bSano..  1» 

■.eight  ofiron.    -He magnetic poTO. of  pM  in,ni.<i..tely  md.r  a  magnetic 

diltmnt  .pecimena  of  m7l.l.  X  focnd  ;""'•  "  "•"■  f™™"'  ';*""""  "t?" 

til    dilte,  materially  according  to  the  «■  mo».n..nl.  to  dimini.h  aenaibly  the 

Selhod,  employed  itr  their  purification.  «"""'  i' «  ""J?!'™.  "«honl,  to;- 

H.nc.  b.  cinolnded  that  the   greater  ■'"■  '•'•*'«  »>"  ''""'■»"  '•  ""'  ">■ 

part,  if  not  th.  .hole,  of  th.  eUtcl  ob-  »•«'"«  "  ''""«'''»/"'  "  '  "J""" 

U-vk.  i.  to  b.  aacritaid  to  the  presence  "?"  "■?"  hfPP.-rf  "h«»  ~  -"h  •'<•■ 

nfLr«,.   Sn,.j,nfiH.ntwa.i..nfih.tr.,ih  atanoB  u  plaocd  mider  it     The  oon- 


I.  So  confident  waa  he  of  the  truth 


«1  this  theoi>,  that  he  imagined  the  ■nMMdtnja^H.iw.iiL.p.lM. 
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verse  of  this  experiment  wu  attended  verting  the  motion  of  the  ihell,  an  e<1tud 

with  still  more  striking  effects.    When  and  contrary  deflection  took  place.  But 

a  plate  of  copper,  for  example,  ia  made  although  numerous  trials   were   made 

to  revolve  wilh  a  certain  velocity  undec  under  various  ciicumstances,  the  Ian  of 

a   magnetic  needle,    supported    on  its  the  phenomena  could  not  be  deduced 

centre,  and  contained  in  a  vessel  closed  until  the  influence  of  the  eartli's  action 

on  all  sides,  the  needle  is  found  to  de  had  been  neutralized  by  means  of  otho' 

viate  from  its  natural  position  in  the  ma^ets  perfectly  adjusted.  AJI  the  ann- 

maxnetic  meridian;  and  the  deviation  maliei  before  melwithnowdisappeared, 

is  greater  in  proportion  as  the  rotation  and  the  following  law  was  rendered  naa- 

o(  the  plate  is  more  rapid.    If  the  ra-  nifest    When  the  needle  and  l>all  are 

pidity  of  revolution  be  sufficiently  great,  both   in     the   same    horiiontal    plane, 

the  needle  will  be   brought  to  revolve  whatever   may  be  the  direction   of  the 

also,  and  always  in  the  same  direction  axis  of  rotation  of  the  ball,  if  its  mo- 

tn    which    the   plate    is   made   to  re-  tion  at  its  upper  part  be  meide  towards 

volve  *.     The  experiment  was  varied  in  the  needle,  the  north  pole  of  the  latter 

the  following  manner : — A  circular  plate  will  be  attracted;  and  if  the  contrary 

of  copper,  balanced   on  a  point   at  its  way,  repelled.     Hence    he    concluded, 

centre,  was  placed  immediately  under  a  that  when  an  iron  body  is  put   in  rapid 

strong  magnet,   to  which  a  rapid  rota-  rotation  on  any  line  not  comciding  with 

tory  motion  was  given ;    the  copper-  its  magnetic  axis,  a  temporary  derange- 

Slale  soon  began  to  turn  in   the  same  ment  takes  place  in  its  magnetic  powers, 

irection,  and  acquired  hj  degrees  a  equivalent  in  effect  to  the  influence  of  a 

very   rapid  velocity  of  revolution.     It  new  axis  of  polarization,  perpendicular 

-"-a  found,  also,  that  the  oscillations  of  to  the  planes  passing  through  its  s      " 


a  copper-plate  in  a  vertical  plane,  when  of  rotation  and  of  ordinary  polarization, 
suipended  l^  an  axis  which  passed  at  a  (3SB.)  The  next  series  of  experimraits 
■mall  distance  from  its  centre  of  gra-    on  this  subject  are  those  of  Mr.  Chris' 


vity,  were  much  impeded,  and  soon  de-  tie*,  who  ascertained  that  a  plate  which, 

stroyed,  when  the  plate  was  inserted  be-  in  a  given  position,  product  a  certain 

tween  (he  two  poles  of  a  very  powerM  deviation  of  the  compass,no  longer  pro- 

horse-shoe  magnet.    M.  Arago  was  of  duced  the  same  deviation,  after  it  had 

ron  that  these  phenomena  are  inex-  l>een  carried  round  one  entire  revoluboa 

ble   upon   principles    of   ordinary  in  its  own  plane,  although  l»-ought  t. 


I,  and  considered  them  as  the  rest,  and  every  part  of  the  apparatus  re- 
effects  of  some  hitherto  unknown  power  stored  to  its  former  place.  TTus  change 
in  nature.  But  subsequent  inquiry  in  the  directive  power  of  the  plate,  pro- 
■eems  to  render  it  probable,  that  they  duced  by  rotation,  was  greatest  when  its 
are  all  reducible  to  the  operation  of  plane  was  parallel  to  the  line  of  dip,  and 
known  laws  of  magnetism.  at  the  same  time  as  little  inclined  lo  the 
(35S.)  Mr.  Christie  having  otiserved  horizon  as  this  condition  would  allow; 
a  permanent  chan^  in  the  magnetism  or,  in  other  words,  when  the  axis  of  ro- 
of an  iron  plate  in  consequence  of  a  tation  was  in  the  plane  of  the  magnetic 
mere  change  of  position  on  its  axis,  it  equator,  and  also  in  a  vertical  plane, 
occurred  to  Mr.  Barlow  that  this  that  is,  in  the  magnetic  meridian.  Hence 
chan^  would  be  increased  by  rapid  he  deduced  a  law  which  may  be  thus 
rotation.  But  on  trial  this  was  found  expressed  :  —  If  we  conceive  a  dip- 
not  to  be  the  case,  the  e^at  pro-  ping-needle  to  lie  in  the  centre  of  an 
duced  being  merely  temporary.  The  imaginary  sphere,  having  an  equatin- 
first  experiments  were  made  with  a  situated  in  a  plane  intersecting  perpendi 
mortar-shell  fixed  to  the  mandril  of  a  culariy  the  direction  of  the  dipping- 
powerful  tuminic  lathe,  worked  by  a  needle,  and  a  circularplate  of  ironto  be 
ateam-en^ne.  When  the  ball  was  made  placed  with  its  centre  in  the  sorfsce  of 
to  revolve  at  the  rate  of  640  times  in  a  that  sphere,  its  plane  twine  a  tangent  to 
minute,  the  needle  was  deflected  several  that  surface,  when  the  plate  revolves, 
degrees  from  its  natural  position,  and  the  effect  of  its  revolution  upon  the  dip- 
there  remained  stationary  during  the  ping-needle  will  t>e  such  that  each  side 
motion  of  the  t)all ;  whenever  the  rota-  of  tlie  equator  of  the  latter  (that  is,  the 
tion  ceased,  the  needle  immediately  re-  portion  of  the  equator  which  is  situated 
turned  to  its  original  situation.  On  iiv-  ma  line  at  right  angles  to  the  Ibe  join- 
■  ■-■  —  ing  the  centres  of  the  needle  and  plates) 

•  BnUatia  Unlnn^  nl,  iii,  B.  ugj  Ausln  ■ 

lb  Ckiin^  xiTitU,  3B.  FhUw>rl>i»l  Truucliiiu  iiic  ISM,  p.  M7. 
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will  be  deflected  in  e.  direction  contrary  accOTding  as  the  one  or  the  other  of 

to  the  direction  in  which  that  ed^  of  these  two  methods  was  employed,  were 

the  plate  which  is  nearest  to  it  moves,  the  reverse  of  each  other ;  although  the 

The  deviations  of  the  horizontal  needle  same  order  was  assigned  to  all  the  other 

may  be  easily  deduced  from  this  law,  by  bodies  by  both  methods. 
reference  to  the  motions  of  this  imagi-        (359.)  On  trying  the  effect  of  the  in- 

naiv  dipping-needle,  for  they  will  be  terposition  of  different  bodies  as  screens, 

such  as  tend  to  bring  them  into  the  in  cutting  off  or  modi^ng  the  influence 

same  vertical   plane   with  the  latter,  of  the  rotating  t>odies,  uiey  could  not 

which  is  the  situation  in  which  it  makes  detect  any  interceptive  power,  except, 

the  nearest  q)proach  toitslineof  direc-  as  might  be  expected,  in  the  case  of  an 

tion.  iron  plate,  which,  when  of  sufficient 

(3S7.)  The  investigation  of  this  cu-  tbiclcness,  completely  destroyed  all  per- 
rious  subject  was  further  prosecuted  hy  ceptible  effect  from  rotation. 
Mr.  Babba^  and  Mr,  Herschel,  who,  (360.)  The  magnetic  enewy  deve- 
in  conjunction,  undertook  to  verify  M.  loped  bv  rotation  was  fiiund  to  De  much 
Arago's  experiments*.  After  a.  few  dimintsned  by  any  inlerruption  of  con- 
trials  they  succeeded  in  causing  a  com-  tinuity  in  the  plate  which  was  acted 
pass  to  deviate  from  the  magnetic  me-  upon.  This  fact  had  previously  been 
ridian,  and  finally  to  revolve,  liy  placing  noticed  by  Arago  ;  but  the  experiments 
under  it  plates  of  copper,  zinc,  or  lead,  of  Mr.  Babbage  and  Mr.  Herschel  have 
which  were  put  into  very  mpid  rotation,  verified  it  in  more  detail,  and  have  added 
In  order  to  obtain  more  visible  and  re-  the  curious  circumstance,  that  re-esla- 
giilar  effects,  however,  they  found  it  blishing  the  metallic  contact  with  other 
necessary  to  reverse  the  experiment,  by  metals,  restores,  in  a  great  measure,  the 
selling  in  rotation  a  powerful  horse-shoe  force  which  had  Iwen  lost  by  the  divi- 
magnet  with  its  poles  uppermost,  the  sion  of  the  substances ;  and  this  hap- 
line  joining  them  bein^  horizontal,  and  pens  even  when  the  metal  used  for  sol- 
its  axis  of  symmetry  being  placed  verti-  dering  has,  of  itself,  but  a  very  feeble 
cally;  while  a  circular  disc  of  the  sub-  magnetic  power;  thus  affording  a  means 
stance  to  be  examined  was  suspended  of  magnifying  weak  degrees  of  magnet- 
over  this  magnet.  The  disc  was  found  ism.  The  reduction  of  tlie  metals  lo 
to  follow  the  motion  of  themagnet  with  filings,  or  to  powder,  was  found  to  pro- 
various  degrees  of  readiness,  according  duce  a  still  more  remarkable  diminution 
to  the  substance  of  which  it  was  made,  of  their  magnetic  energy.  The  law  of 
They  obtained  in  this  way  signs  of  diminution  offeree  hy  increase  of  dia- 
magnetic  susceptibility  from  copper,  tance  was  next  investiiCBled ;  but  it 
line,  silver,  tin,  lead,  antimony,  mercury,  appeared  to  follow  no  constant  progres- 
gold,  bismuth,  and  cartion,  in  that  pe-  sion  according  to  any  fixed  power  of 
culiar  metalleid  state  in  which  it  is  the  distance,  but  to  vaiy  between  the 
precipitated  from  carbonated  hydrogen  square  and  the  cube. 
in  gas-works.  Great  care  was  taken,  in  (361.)  The  explanation  of  these  cu- 
the  case  of  mercury,  to  secure  the  ex-  rious  phenomena  has  been  allemplcd 
elusion  of  iroa  In  other  txxlies  which  on  the  following  principle — namely,  that 
were  tried,  such  as  sulphuric  acid,  in  the  induction  of  magnetism,  time  en- 
rosin,  glass,  and  other  non-conductors,  ters  as  a  necessary  element ;  or,inother 
or  imperfect  conductors,  of  electricity,  words,  that  a  certain  appreciable  time 
no  positive  evidence  of  magnetism  was  is  required  both  for  the  acquisition  of 
obtained.  magnelio   polarity,   communicated    t^ 

(358.)  They  next  endeavoured  to  de-  induction  from  a  magnetized  body,  and 

lermme  the  comparative  intensities  of  fo^  its  loss,  when  the  body  in  which  it 

action  of  these  different  bodies.    Two  has  been  induced  returns  to  the  neutral 

methods  were  used  for  this  purpose;  state  by  the  subtraction  of  all  extraneous 

first,  by  observing  the  deviation  of  the  influence. 

compass  over  revolving  plates  of  great       (362.)Inordertotracelheoperationof 

size,  cast  to  one  pattern;  and,  secondly,  this  principle,  let  us  conceive  tt)e  north 

by  the  times  of  rotation  of  a  neutralized  pole  of  araagnet  to  move  horizontally,  at 

■ystem    of    ma^ets    suspended    over  a  little  distance  above  a  plate  of  metal, 

ttiem;  and  it  is  remarkable,  that  the  or  olhersubstance,havingaverylowde 

places  ol  lino  and  copper  in  the  scale,  S''^^  °^  magnetic  susoeptioililj',  and  alio 

— — — ■ ■■■  ■■■■ _  a  very  low  degree  of  retentive  power. 

•  niiMEitihicai  TnuMtisiit  for  lesB,  p. «;.  The  points  over  whi^  itpaawsinaiw^l  , 
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eesnon  wiu  not  inttanti;  receire  all  (he  produced  neariy  b  tmifbrtn  ctrcle  of 
ma$^etism  vrhich  the  mnf^et  Is  cap&ble  southern  polarity,  whose  equal  and  oon- 
of  EKciting  in  them  ;  their  xtate  of  niaxi-  ttar^  actions  on  the  needles  wottid  de- 
mum  polarity,  therefore,  will  not  lie  at-  rtroj  one  another. 

tained  until  the  ma^et  ha<i  parsed  for  r363.)  Plausible  as  this  theorf  m»j 

some  small  distance  beyond  them.  Nei-  appear,  it  is  yet  embairosaed  with  many 

ther  will  they  lose  their  paiarily  at  the  serious  difficulties.   It  does  not  giTe  any 

same  instant  that  the  maenet  is  still  satisractoiy  explanation  of  the  mode  in 

further    removed.     Thus,  n-om    both  which  ui  attroctireforce,  resultit^f^Dia 

causes,  there  will  always  be,  in  the  rear  induction.between  one  pole  of  a  magnet 

of  the  magnet,  t  space  both  more  eX'  and  the  consequent  polarity  of  the  nd- 

tensive  and  more  stronely  imprecated  jacent  parts  of  a  piece  ofcoppcr — afonie 

with  the  opposite  polarity  than  m  ad-  which  is  so  feeble  as  not  to  produce  any 

vance  of  it.    Hence,  there  will  arise  an  sensible  effects  when  both  these  bodies 

oblique  action  between  the  pole  of  the  are  at  rest— is  immediately  »o  greatly 

maj^net   and  the   opposite  pole  of  (he  increased  on  their  separation  and  conti- 

plate,  thus  lagging  beliindit,  which  will  ntied  removal  from  one  another,  so  as 

urge  it  to  move  in  the  direction  of  the  to  occasion  a  very  considerable  motion. 

magnet's  motion.    The  development  of  The  force  producing  that   motion   is, 

the   more   distant  polarity,   similar   in  according  to  the  theory,  an  attractive 

kind  to  that  of  the  magnet,  being  more  force ;  but  Arago   has  shown  that  (he 

diffused,  that  pole  will  be  both  weaker  general  resultant  ofall  the  forces,  which 

and  less  obliiiue  in  its  action,  and  will  operate  between  the  pole  of  the  magnet 

be  much  inferior  in  power  to  that  of  tlie  and  the  plate,  is  a  repulsive  force,  with 

nearer   attracting  pole.     It  is  evident  relation  to  the  line  pw^fdicular  to  the 

that  the  converse  will  also  be  true  when  surface  of  the  plate.    The  following  ex- 

the  magnet  is  at  rest,  bjit  free  to  move  periment  proves  this  ; — Suspend  a  Umg 

horiiontally ;   and  when  the  different  magnet  by  a  thread,  m  a  vertical  posi- 

parts  of  the  plate  are  passed  in  lucces-  tion,  to  the  beam  of  a  balance,  and  couq- 

sion  under  it,  the  latter  will  tend  to  drag  terpoise  it  by  weights  on  the  opposite 

the  former  after  it  with  a  Telocity  con-  side  ;    if  the  plate  be    then  revolved 

tinually  accelerating,  till  they  move  on  under  the  magnet,  the  equilibrium  Trill 

together  with  the  same  velocities.     It  is  cease,  and  the  magnet  will  rise,  or  ap- 

also  manifest,  that  the  greater  the  reta-  pear  to  become  lighter,  indicating  ita- 

tive  velocity,  the  more  will  the  pole,  de-  repulsion  from  the  plate* 

velopedin  the  plate,  lag  behind  tlie  mag-  (,^Si.)  The  latest  experiments  on  this 

net,  or  the  magnet  (in  the  reverse  case)  subject  are  those  of  Mr,  W.  S.  Harrii, 

lag  behind  the  pole;  the  more  oblique,  of  Plymouth, of  whichhecommunicated 

therefore,  will  be  the  action,  and  the  an  accounttotheRovalSociety,  mJune 

greater  the   velocity  produced.     The  lB30f.  Findingthattfietibrationswhicti 

application  of  these  pnnciplea  to  dr^u-  attend  bodies  in  rapid  rotation  are  pro- 

lar  motion,  or  to  the  rotahon  of  plates,  pagated  to  a  remarkable  eitent  aloiw 

is  sufficiently  oltvious;  but  in  this  case,  the  solid  parts  of  theapparatusbywhira 

if  the  velocity  be  excessive,  comparal  amagneticneedleissuspended,  andthat 

with  the  retentive  power  of  the  revolving  they  are  also  conveyed  to  great  distances 

substance,  the  latter  may  have  completed  by  the    surrounding    air,  even  when 

a  revolution  before  there  has  been  time  highly  rarefied,  he  took  great  point  to 

for  its  being  affected  to  a  degree  suffi-  obviate  these  two  sources  of  fellacy. 

cient  to  occasion  motion  in  tlie  magnet;  He  accordingly  conducted  all  hia  espe- 

the  induced  polarity  wilt  then  be  weak-  riments  in  on  erhauBted  receiver,  the 

ened,  and  its  effects  rendered  insensible,  parts  to  be  acted  upon  lieing  effectually 

Tills  diminution  of  the  total  effect  by  a  secured  from  the  lofiaence  both  of  vi- 

more  general  diffusion  of  polarity  was  brations  from  solids  and  of  aerial  vor- 

imitated  by  sticking  a  great  number  of  tices.    He  conceives  that,  in  general, 

magiietizedneedles.venically.througha  sufficient  care  had  not  tiilhcrto  been 

liglitcorkcircle,havingtheirnorthpoleB  taken  to  eliminate  these  several  causes 

downwards,  so  as  to  form  a  coronet  of  of  error,  and  that  we  cannot  repose  that 

magnets.      This  apparatus,   suspended  implicit  confidence  in  the  conclusions 

centrally  over  a  revolving  copper  disc,  deduced  from  them  wtnch  is  requited  in 

was  not  sensibly  affected ;  for  the  poles    ■ ■ 

of  all  the  magnets,  acting  in  rapid  sue-  ,  ,  ^  •  A»»«iMd«ciiiiii 
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a  subject  of  so  delicate  k  nahire,    Hfe  nil  matter,  though  possessed,  in  varions 

finds  that  the  influence  of  a  rotating  deCTees, Indifferent  kindsof  substance; 

body  on  the  magnet  Is  reid>  but  more  and  that,  in  order  to  render  it  sensible, 

feeble  than  had  previously  been  Ima-  it  is  only  requisite  to  enploj'  Ihem  in 

gined;  and  that  Uie  law  of  intensity  of  masses  proportionate  to  their  respec- 

action  is  directly  as  the  rapidity  of  ro-  live  magnelic  susceptibilities.    Lead,  for 

tation,  and  inversely  as  the  squares  of  example,  nhich  has  a  weaker  magnetic 

the  distances  between    the  Attracting  lusceutibility  than  copper,  must  be  em- 

)>odies.  ployed  in  a  lar^r  mass  in  order  to  pro- 

(3GS.)  P^m  some  experiments  which  duce  an  egual  effect.    By  an  extension 

Mr.  Harris  lately  extiibited  at  the  Roval  of  this  ^nnciple,  it  nould  require  a 

Institution  of  London,  it  appears,  that  a  thicknets  of  above  thirty  feet  of  ice,  in 

macnelic  needle,  partly  neutralised  »«ith  order  to  render  its  interceptive  power 

regard  to  the  earth's  action,  and  made  sensible. 

to  vibrate  while  surrounded  by  a  maa-        (368.)  It  is  not  necessary,  however, 

aive  ring;  of  copper,  or  other  substance  that  the    substance  which  exerts  this 

of  very  weak  magnetic  energy,  had  its  controlling  power  over  the   action  of  a 

oscillations  sensibly  repressed  br  the  revolving  ma^et    should  be    actually 

presence  of  that  substance,  and  that  it  interposed  between  the  magnet  and  the 

arrived  much  sooner  at  a  slate  of  re^t  metallic  disc.     Mr.  Harris  found  that, 

than  when  the  ring  was  removed.    The  in  the  case  of  iron,  a  mass  of  that 

magnetic   influence  of  rotating  bodies  metal,  when  placed   very  near  to  that 

was  found  to  be  intercepted  by  a  va-  surface  of  the  maipiet  most  distant  from 

riety  of  substances  interposed  between  the  disc  on  which  it  was  acting,  had  the 

them.  effect  of  neutraliting  its  power.    With 

(366.)  His  last  communications  to  regard  to  non-ferruginous  bodies,  it  is 
the  Royal  Society  contain  an  account  of  very  difficult  to  render  this  influence 
experiments  tending  to  show  that  every  sensible,  unless  they  are  interposed  in 
substance  suscepiible  oF  magnetism  by  the  diiect  line  of  action, 
induction,  when  interposed  as  a  screen,  (369.)  The  temporary  induction  of 
tends  to  arrest  the  action  excited  by  a  magnetism  may  be  conceived  as  taking 
magnet  on  a  third  substance ;  and  that  place  in  two  different  ways  ;  first,  by 
this  interceptive  power  is  directly  as  the  the  immediate  action  of  the  magnet 
mass  of  the  intervening  substance,  and  upon  each  individual  particle  of  the  body 
inversely  as  its  susceptibility  to  receive  on  which  magnetism  is  induced  ;  or, 
induced  raagnetisra.  A  single  plate  of  secondly,  by  the  action  of  each  particle 
iron,  for  instance,  about  the  sixteenth  on  the  next  srljoining  toit  in  succession, 
of  an  inch  thick,  is  found  effectually  to  ConsUtuting  a  continued  and  successive 
intercept  the  action  of  a  revolving  mag-  propagation  of  magnetism  from  the  one 
net  on  a  disc  of  copper;  but  the  same  to  the  other.  Although  both  these  kinds 
result  is  not  obtained  when  the  disc  of  induction  maytake  place  at  the  same 
acted  upon,  instead  of  being  copper.  Is  time  in  the  same  substances,  yet  the  de- 
also  of  iron,  unless  the  mass  of  inter-  grees  in  which  they  are  exerted  seem  to 
posed  iron  be  very  considerable.  He  be  in  some  inverse  ratio  the  one  to  the 
afterwards  determmed  that  Ibis  inter-  other:  for  when  the  absorbing  or  reten- 
ceptive  influence  depends,  not  merely  five  power  of  Ihe  substance  is  consider- 
upon  the  surface  of  the  interposed  iron,  able,  the  power  of  the  magnet  is  soon 
but  is  in  proportion  to  its  mass.  Hence  checked :  because  the  pariictes  of  that 
he  Was  led  to  suspect  that  indications  substance  first  acted  upon  begin  to 
might  be  obtained  of  a  similar  influence,  operate  as  screena  to  the  succeeding 
exerted  by  substances  not  of  a  ferru-  particles;  and  the  induction,  after  a 
ginous  nature,  if  they  were  interposed  certun  point,  proceeds  entirely  by  com- 
m  considerable  masses ;  and  this  con-  municalion  ftom  particle  to  pariicle, 
jecture  was  verified  on  living  the  experi-  until  the  whole  has  attained  a  state  of 
ment  He  found  that  the  action  of  a  permanence.  When,  on  the  contrary, 
revolving  magnet  upon  a  disc  of  tinned  the  retentive  power  of  the  given  sub- 
iron  was  completely  intercepted  by  stance  is  sm^,  little  or  no  interceptive 
masses  of  about  four  inches  in  thick-  influence  can  exist  among  its  particles ; 
ness,  of  either  copper,  zinc,  or  silver,  and  the  induction  will  be  produced 
interposed  between  them.  solely  by  the  direct  action  of  the  magnet 

(367.)    It  would   appear,  then,   that  on  all  the  particles.     Accordingly  it  is 

this  interceptive  proptrty  ii  common  to  only  by  the  succession  or  multiplication 
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of  effect,  resulting  frotn  the  action  of  to  the  same  particlei ;  and  ve  cannot, 

k  great  number  of  particles,  that  the  b;  mere  reuoniuK,  decide  whether  the 

controUini;  power  of  such  m  substance  magnetism  oftno  different  bodies,  such 

becomes  sensible.     To  this  cause  is  ap-  as  pure  iron  and  pure  nickel,  should   be 

parently  owing  the   diminution  of  tfie  considered  as  the  same  imponderable 

action  of  a  revolving  ma^et  on  a  disc  substance.     It  vrould  assist  us   in  the 

of  copper,  when  the  latter  is  intersected  determination  of  this  question,  were  it 

bj  radiating  grooves :  since  a  portion  of  ascertajned  that  mmilar  and  eoual  ne«- 

the  substance,  every  part  of  nhich  is  dies  of  iron  and  of  nickel,  wnen  smb- 

concerned  in  the  full  develi^nnent  of  mitted  to  the  magnetic  influence  of  the 

induced  magnetism,  is  thereby  removed,  earth,  or  of  any  other  magnet,  irouUl 

In  confirmation  of  this  reasoning,  Mr.  make  an  equal  number  of  oscdlations. 

Harris  found  that  the  number  of  oseil-  An  experiment  was  made  by  M.Gay-Lut- 

lations  made  in  vacuo  in  a  given  arc,  lae  with  this  view,  from  which  it  would 

by   a   delicately    suspended    bar,   sur-  appear  that  the  mutual  action  of  the 

rounded  by  several  concentric  copper  magnetic  fluids  contuned  in  steel  and  in 

rings,  did  not  materially  difier  from  the  soft  iron   is  decidedly  greater  than  the 

number  performed,  in  similar  circum-  mutual  action  of  the  fluids  belonging  to 

stances,  by  the  same  bar,  surrounded  steel  and  to  nickel    This  experiment, 

by  a  solid  mass  of  copper.  however,  is  not  decisive  of  the  question, 

(370.)  The  effects  of  various  metals  because  we  may  still  consider  the  ma^- 

in  diminishing  the  oscillations  of  a  mag-  netic  elements  of  a  body  as  not  actually 

netic  needle,  have  been  determined  with  in  contact,  but  as  constituting  assem- 

considerable  accuracy  by  Professor  See-  hlages  of  particles,  in   which  the  two 

beck.    An  account  of  nis  experiments  fluids  reside,  and  are  separated  by  inter- 

iS  given  in  tiie  Aunales  de  Phjtique  for  vals  not  greater  than  the  dimensions  of 

1826*.  those   elements;   and,  as   we  formerly 

(371.)  With  regard  to  the  theory  of  observed  (§  163),  the  ratio  between  the 
magnetism,  Poisson  has  remarked  that  sumof  thevolumesof  all  theseelements, 
there  is  no  necessity  for  supposing  that  and  the  total  volume  of  the  body,  may 
the  phenomena  of  magnetism  are  pro-  l>e  different  in  different  substances,  and 
duced  in  all  bodies  by  a  fluid,  or  fluids,  at  different  temperatures,  in  the  same 
possessing  everywhere  the  same  inten-  substance.  This  diversity  may  explain 
sily  of  attractive  or  repulsive  action,  the  result  of  Gay-Lussac  s  experiment, 
and  therefore  requiring  to  be  considered  without  the  necessity  of  the  supposition 
as  the  saioefluid  in  different  substances,  of  a  difference  in  the  intensity  of  the 
No  doubt  can  exist  as  to  the  identity  of  magnetic  power  in  substances  differently 
the  electric  fluid;  because  we  see  it  susceptible  of  magnetism*.  But  IIk 
passing  from  cine  conducting  body  into  interest  which  attached  to  speculations 
another,  and  at  the  same  time  preierv-  of  this  kind,  are  now,  in  some  measure, 
ing  all  its  properties,  and  exercising,  in  superseded  bythenew  theoryof  mai^et- 
like  circumstances,  the  same  attractions  ism,  proposed  by  Ampere:  for  an  ac- 
and  repulsions.  But  we  have  no  evidence  count  of  which,  we  must  refer  to  the 
ol  this  kind  in  the  case  of  the  magnetic  forthcoming  Treatise  on  Electro-Mag- 
fluids,  because  they  are  always  confined  netism. 

•  Gh  Umnerlr  Jonrul  nl  Bcitau  for  Juutrr.  •  UimDim  de  I'Acsliiiia  Rorila  in  6ci«*Hs. 

1838,  f.iS6.  toB.  T.  pp.  ISl,  Sftl. 
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Craptek  I.  which  the  prizes  were  awarded  •.     Th« 

Hutori/  0/  the  Science  prior  to  conclusion  to  which  he  urived.  after  a 

Oersle(tt  diseovery.  '""R  »nd  elaborate  discussion  of  the 

(1.)  Thb  analomes  that  exist  between  "['I'JMt.  "as,  that  the  similBrity  between 

the  phenomena  ofmagnetism  and  those  ^'"''"oity     and    magnetism    amounts 

of  electricity,  in  their  ceneral  character,  ""^y    "  f"    ■Ppsrent    resemblance, 

in  Ihe  Ihws  which  govern  them,  and  in  """"IwiS  ""*  constitute  a  true  physical 

the  various  comhinalions  they  present,  ""^'oiff  i   whence  he  infers,  that   these 

are  so  extensive  and  so  remarkable,  as  *"3    V°y!^"  ^    essentially    different 

niiturally  lo  suggest  the  notion  that  the  '■^  U'stmct  from  one  another.     The 

asencies  themselves  from  which  they  ''PP*'"'?  opinion,  on  the  other  hand, 

proceed  must  be  allied  to  one  another  ""  ™«jnlwnM  by  Professors  Steigleh- 

■    by  some  close  and  intimate  relation.  ^^  ?"'"  Hubner,  who  confended  that 

Adventurous  theorists  have    advanced  "  f'""  '"  "nalogy  as  that  exhibited 

Ihe  doctrine,  that  each  of  these  princi-  ^  .  j**'.?'"'  „    ^'  °l  phenomena,  in 

pies  is  merely  a  modification  of  the  ''"^?'™  '^'f  ^.*r«<=ts  of  a  single  agent, 

olher.  and  that  both  may  be  regarded  *'"7    only  in  consequence  of  a  di- 

as  ultimately  idenlical  in  their  nature.  '"S''/  «  circumstances.     So    many 

constiluting,  instead   of  two   separata  ^^  '■"'»  ^ave  been  brought  lo  light 

and  primary  powers,  a  single  power  of  *'"*?  *??  '™*  '"  "'"™  ">"«  authors 

a  higher  ord^of  simplicity:  ^f°'«'  \'^\  '*>«■  """"'"K*  adduced  on 

(2.)  The  connexion    between    mag-  f'";e^»'de  in  Ihis  controversy  have  now 

netism  and  electricity  was  a  favourite  ^?.^f  '"^."'  ""'erert.  excepting  that  it  is 

subject    of    speculalion    and    inquiry  «''l' curious  to  obienre  by  what  devious 

among  philosophers  in  the  middle  of  P™  they  were  led  away  from   the 

the  last  century.     Many  were  Ihe  efforts  ""'"■«  ("e  moment  when  they  had 

mnde  to  resolve  this  seductive  problem,  °**r'j'.  «»?lied  it.  and  when  a  very  alight 

which  continued,  however,  to  baffle  the  '»"»'"»"   ■"  t™  form  of  their  experi- 

labours  of  each  succeeding  experimen-  f*"'".  ""'.'''•*  *'  <"««  have  disclosed  it 

iBrtist,  who  miriliplied  his  attempts,  and  "Lt'a"^"'         *  J- 

varied  his  procesSes,  without  approach-  ,   *^:'  S'lbsequent  discoveries  relating 

ing  nearer  to  the   point  he  aimed  at;  \P^   '*"«   "'  ^''^K"'  *"^  ""^netio 

and  also  (0  elude  the    reasonings  o^  ■f*'"";  ^^  "?  re9^\i  attraction  and 

those  who  theorited  upon  every  new  f^PV'"™'    "'1    *^^   mdiiction     have 

fact  until  they  bewilde^  both  1  hem-  ended  to  confirm  the  analc^  between 

selves  and  their  readers  in  the  mazes  of  l  ?^'.v""      ?  <»";<)l»'»te  the  opinion 

visionary  and  conflicting  hypotheses.  """  "'*J'  ""("""ely  emanate  from  a 

(3.)  In  the  year  1774,  the  following  common  source.    Electricity,  it  is  true, 

question  was  proposed  by  Ihe  Electora  "1^^}^  ""T  species   of   matter  with 

Academy  of  fiavaria  as  the  subject  of  "^ich  we  are  acquainted,  in  neariy  an 

a  prize  dissertation:-'  Isthere  a  real  equaldegreejwhde magnetism  aJlhough 

an^  physical  analogy  between  electric  Perhaps  equally  universal  m  Us  opera, 

and  m^ielic  forcesT  and,  if  such  ana-  """■  ^^   ^^  '«?  ^"^'X-  f^  profiably 

Uwy  eldst,  in  what  manner  do  these  «"cq"a^ly.  "iwn  most  fcnds  of  mMler, 

fo?Li  act    upon    the    animal   body?'  *^„'^jl^'"'y  ^''^  l'*  P""1'P^  ^'^HIT 

The  essays  iWeived  by  the  Academy  "PO"  '")n.  a  circumstance  which  has,  to 
on  that   occasion,  were    collected   and        •  nii  woiit  ii  «iiti*d  '  RkkII  d>  Kimairn 

fiibliahed,    ten    years    afterwards,    by  mc  rAoiiagii  de  l-Bitctrteiit  ei  dn  MniutdiBir, 

rofessor  Van  Swinden,  of  Franeker,  Cf™'"?  S  B'*"^-,  tJT  •■a?^™!*  J*  »"<"., 

the  author  of  one  of  the  essay*  for  ai.&"^  iw.  ?         "  "  "^ '"-°-' ""^ 
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thiidky.remuned  inexplicable,  nllhough  electrics!  batferj',  in  imitation  of  Umm 
we  have  acquired  the  knowledge  Ihat  effects,  and  in  order  to  ascertsin  the 
electricity,  under  certain  modificalions,  drcumstances  on  which  Ihejr  depended. 
will  prodoce  every  effect  of  magnetism.  But  alttiough  sleel  bars  were  easily  ren- 
Eieclricity,  we  know,  may  be  traniferred  dered  magnetic  bv  passing  strong  elec- 
froin  one  body  to  another,  but  mag-  trie  shocks  through  them,  yet  the  result* 
nelism  can  be  excited  bj  induction  only,  were  by  no  means  uniform,  and  no 
and  is  incapable  of  any  umilar  kind  of  general  law  could  be  traced  as  goYeni- 
tranaference.  Still,  however,  there  ex-  ing  the  production  and  distribution  of 
iited  many  positive  facta,  which,  inde-  the  polarity  thus  induced.  A  large  pro- 
pendently  of  all  analogy,  demonstrated  portion  of  the  effects  appeared  to  be  ic- 
Iba^  the  magnetic  needle  was  occasion-  lerable  to  the  ooncussion  which  fhepar- 
«ily  influenced  in  iti  movements  by  the  tides  of  the  bar  received  in  consequence 
action  of  electricity ;  and  that,  in  certain  of  the  violence  with  whicli  the  occumn- 
vases,  the  magnetic  properties  coujd  be  lated  torrent  of  electricity  rushed  throu^ 
ocited  by  electric. explosions.  The  bo-  them,  thereby  giving  eficacy  to  the  in- 
pearance  of  the  aurora  borealis,  which  ductive  influence  of  the  earth.  Thi* 
bas  all  the  characters  of  an  electric  pW  influence,  it  is  we!)  known,  depends  al- 
nomenon,  baa  been  very  frequently  ob-  together,  aswasexplainedintheTrealiie 
aerved  to  be  aocompanied  by  a  disturb-  on  Magnetism  (i  109),  on  the  position 
ance  in  the  position  of  the  compass  ;  of  the  Bar  with  relation  to  the  direetioii 
and  a  dehcately  suspended  magnetic  of  the  dipping  needle,  which  is  the  same 
needle  has  generally  exhibited,  on  thesa  as  tliat  of  the  action  of  terrestrial  mag- 
occasions,  very  frequent  oscillations,  netism.  The  experiments  of  Mr.  Scores- 
liightning,  which  is  still  more  decidedly  by*,  made  with  a  view  of  detenuining 
electric,  has  bean  known,  in  numberless  the  amount  of  this  influence  when  aided 
instancei,  to  destroy,  and  sometime*  to  by  electric  concussion,  taily  eonfinned 
reverse  the  polarity  of  the  compass-  the  principle  upon  which  that  mode  of 
needle ;  and  many  disastrous  accidents  explaining  the  phenomenon  rests,  bj 
happening  to  ships,  in  consequence  of  showing  that  the  action  of  a  powerAil 
their  mistaiiing  their  course,  may  veiy  electric  shock  is,  in  a  great  measure, 
probaldy  have  been  owing  to  this  cause,  similar  to  that  of  a  blow  fri)m  a  haxa- 
In  oonflrmation  of  this,  we  meet  with  a  mer,  or  to  the  forcible  twisting  of  tbe 
narrative  recorded  in  one  of  the  early  iron,  or  any  other  kind  of  mechanical 
volumea  of  the  Philosophical  Transac-    violence. 

tions*,  in  which  the  ship  Alexander,  (6.)  There  atil],  however,  remained 
being  one  hundred  leagues  from  Cape  many  anomalous  appeorancea,  to  the 
Cud,  in  latitude  48°,  encountered  a  explanation  of  whicn  this  principle  diil 
vk>lent  thunder-storm;  the  mast  was  not  furnish  the  most  slender  clue.  These 
struck  by  lightniog,  which  also  reversed  anomalies  presented  themselves  more 
the  poles  of  all  the  compasses  in  the  especially  when  the  electric  discharge 
ihip,  aohuiffewhichwasnotdiicovered  was  made  to  pass  transversely,  or  in 
till  the  ensuing  night,  when  the  atan  oblique  directions,  through  the  tor;  for 
appeared,  and  it  was  found  that  they  it  was  found,  in  those  cases,  impossible 
had  been  steering  in  the  opposite  course  to  predict  what  direction  the  induced 
to  that  which  they  intended.  It  is  also  poles  would  assume,  or  even  whether 
staled,  that  in  one  of  the  compasses,  tlie  any  distinct  polarity  would  be  coramu- 
end  which  had  before  pointed  to  the  nicated  to  the  bar  when  so  treated. 
north  now  pointed  to  the  west.  An-  Nothing  illustrates  more  forcibly  the 
other  instance  it  reootded  in  the  same  proneness  of  the  human  mind  to  draw 
workt,  where  a  stroke  of  lightning  general  conclusions  from  insufficient 
passed  through  a  box  containing  a  data,  than  the  various  opinions  so  con- 
f^reat  number  of  knives  and  fbrks,  melt-  fldently  maintained  by  different  experi- 
ing  some,  and  scaltaring  the  rest  atxiut  mentalists  on  this  subject  D'Alitiaid 
tlie  room.  It  was  (bund  that  all  those  thought  he  had  demonstrated,  by  hit 
vriuch  WBTB  not  meited  had  been  ren-  experiments,  tliat  the  electric  disdiarge 
dered  sironely  magnetki,  so  as  to  take  imiiarls  a  northern  polarity  to  that  point 
un  large  nails,  and  other  pieces  of  iron,  of  a  steel  bar  at  which  it  enters,  and  a 
placed  near  them.  southern  polarity  to  that  at  whi 


(5.)  Expgriments  were  tried  with  Iha 


1  polarity  to  that  at  which  it 
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luiket  ita  sxit ;  and  ihis  quite  independ-  upon  ooe  another,  their  electrical  and 
enlly  of  the  position  of  the  needle  with  their  magnetic  aclions  appenr  to  be  per 
reapeot  to  the  magnetio  poles  of  ttie  fectlj  distinct,  and  in  no  respect  to  in- 
earth, Wilke,  on  the  contrary,  ima-  fluence  or  modify  one  another. 
ginedthat  he  could  establish  the  exist-  (8.)  The  discovery  of  galvanism,  and 
ence  of  an  invariable  connexion  between  the  invenlion  of  ttie  Voltaic  apparatus, 
tlie  native  electricity  and  the  northern  opened  a  new  field  of  inquiry ;  for,  by 
{tolarity.  The  lattorious  series  of  expe-  furnishing  the  experimentalist  with  the 
rimentj  which  were  underlaken  by  Van  means  of  niMntaining  a  conliniioui  cur- 
Swinden,  with  the  express  view  of  re-  rent  of  electricity  in  very  large  quantity, 
conciling  these  strange  diwrepanoies,  itenabled  him  to  study  the  effeclsorihia 
instead  of  settling  the  dispute,  seemed  powerful  agent  under  circumstances  of 
only  to  leave  it  more  than  ever  embar-  a  very  difteent  kind  from  those  he  had 
raised  with  difficulties.  About  the  year  previouslyhadunderhiscommand.  The 
iJ7J,  the  celebrated  Beccaria  engaged  electrochemical  phenomena,  brouf^t 
in  a  similar  investigation  i  and  although  to  light  by  its  application  to  another 
he,  Uke  his  predecessors,  failed  in  disco-  branch  of  physical  science,  for  a  long 
vering  the  true  nature  of  the  magnetic  time  occupied  the  talents  and  absorbed 
influence  of  electricity,  yet  he  noticed  ■  the  attention  of  laentitic  men  in  every 
aingutar  fact  which  occurred  to  him  in  part  of  Europe ;  and  many  years  elapsed 
the  course  of  his  experiments,  but  of  before  Voltaic  electricity  was  applied 
which  he  does  not  appear  to  have  ap-  with  any  success  to  determine  the  in- 
preciated  the  value.  He  found  that  a  fluence  which  it  so  directly  exerts  over 
needle,  through  which  be  had  sent  an  magnetised  bodies.  The  few  intjuirers 
eleclric  shook,  had,  in  consequence,  ac-  who  sought  to  establish  a  relation  or 
(]uired  a  curious  species  ofpolarity;  for,  identity  between  these  two  powers,  ex- 
instead  of  turning  as  usual  to  the  north  cited  but  little  attention,  in  consequence 
and  south,  it  assumed  a  position  at  either  of  the  obscurity  of  their  reason- 
right  angles  to  thn,  its  two  ends  point-  ings  or  the  inaccuracv  of  their  experi- 
inK  to  the  east  and  west.  There  is  little  ments.  The  various  hints  interspersed 
doubt,  that  if  he  had  followed  up  the  among  the  journals  of  this  period,  re- 
inquiry  which  (his  imporiaot  fact  had  specting  movements  having  been  ot>- 
(^Nneil  to  him,  he  would  soon  have  ar-  served  in  the  magnetic  needle  by  the 
rived  at  the  great  discovery  which  was  actionof  theVoltaicpile.weretoo  vagiie 
made  about  half  a  century  afterwards  and  uncertain  to  warrant  any  determi- 
fay  Oersted,  and  which  has  dispelled  the  nate  conclusion.  The  most  definite  and 
whole  mystery.  authentic  narrative  relating  to  this  sub- 
(7.)  As  nothing  had  tieen  gained  by  ject  was  that  of  Hitter,  who  asserted 
following  the  more  violent  operations  of  that  a  needle,  composed  of  silver  and 
hit^hly  condensed  chaises  of  electricity,  line,  had  arranged  itself  in  the  magnetic 
oilier  philosophers  occupied  themselves  meridian,  and  had  been  slightly  altraclcd 
in  the  attentive  study  of  the  more  Iran-  and  repelled  by  Ihe  poles  of  a  magnet, 
quit  influenceof  this  agent,  when  merely  He  also  staled.that  by  placing  agold  coin 
accumulated  in  insulated  conductors,  in  the  Voltaic  cii'cuit,  he  had  succeeded 
and  exerting  simply  its  altractive  and  in  giving  to  it  positive  and  negative  elec- 
repulsive  powers  in  conjunction  with  trio  poles ;  and  that  the  polarity  so 
those  of  magnetism.  But  hoivever  these  communicated  was  retained  by  the  gold 
actionsmightt)ecombined.nothingcould  after  it  had  been  in  contact  with  other 
be  detected  that  indicated  any  interfO'  metalsi  and  appeared,  therefore,  to  par- 
rence  of  agency  or  modification  of  effect  take  of  the  nature  of  magnetism.  A 
consequent  on  the  combination.  An  guld  needle,  placed  in  similar  circum- 
electriUed  body  is  found  to  eiert  the  stances,  acquired  still  moredecided  mag- 
same  attractions  and  repulsions  on  a  netic  properties.  These  experimenTi 
magnetiicdneeJleaiit  does  on  the  same  stiggested  to  Kilter  some  vague  idea 
needle  when  devoid  of  magnetism ;  nor  thut  electrical  comlHnations,  when  not 
does  it,  like  magnetism,  exhibit  any  de-  exhibiting  their  electric  tension,  wcro  in 
cided  preference  for  iron,  compared  with  a  magnetic  slate  ;  and  that  there  existed 
its  action  on  olher  metals.  When  the  a  kind  of  elect  ro-raagnelio  meridian  de- 
two  agencies  are  united  in  the  same  pending  on  the  electricity  of  the  earth, 
body,  as  when  bars  of  steel,  already  at  rbht  angles  to  the  magnetic  poles. 
rendered  magnetic,  are  also  charged  But  these  speculations  were  of  loo  crude 
with  electricity,  and  placed  so  as  to  act  a  nature  to  throw  any  distinct  light  pa 
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the  Inie  conneuon  bcfwcen  msgneltsm  safie  of  the  eleclricitj,  he  dMi^Uu  bf 
and  electricity.  the  tmn  dechie  ermJUei,  rrom  an  idea 
that  tliere  t»kn  place  some  continued 
Chaptkb  IT>  collision  and  neutraJiialion  or  the  two 
■deenmlo/Otniatt  Bxpaimaitt.  species  of  electric  fluidt,  while  eitculnt- 
(9.)  TTw  real  discoverer  of  the  mag-  j"K  ""  "PP"*"";  .c""*"''  ^  ^  "PP^ 
netio  properfie.  of  electric  cunwiti  wis  '"■  Th«>  taking  a  rMuroehc  needk, 
M.  Oersted.  Profewor  of  Natural  Phi-  P™i«^'J  balanced  on  .tji  pi»ol.  ai  in  the 
lowmhy,  and  Secretary  to  the  Royal  i"^"".'  compass,  and  allowing  it  lo 
Socirt/  of  Copenhagen.  In  a  wit  »"!"»«  'Is  natur*^  position  in  the  ma^- 
wMch  he  publ£hed  in  German,  about  "^''r  ™f"d.an,  he  placed  a  .lra«hl 
theye«riei3,  on  the  identity  of  chemi-  P«1|on  "f  the  timting  wire  honionl.Uy 
oditdekctriclfbTcea*  hehad  thrown  '"x^,T  /^  .^^^'l  ?""'  '"  '  .^'^^''r" 
out  conjectures  concerning  the  relations  P^^  ^^ul.t^VtH  "^P"''*^  ""t 
■nbnitinK  between  the  electric,  galvanic,  circuit  solhattheelertnccmrentpassed 
and  maKtietie  fluids,  which  he  conceived  throoirh  the  wire.  The  moment  thia 
ni^  differ  from  one  another  only  in  »"  dwie.  the  needlechanged  its  position 
their  rapecthre  degrees  of  tension.  If  '''  e^»  dev.aling  from  the  north  and 
nivanism,  he  argued  be  merely  a  more  '*'""'  **"'"^s  t*'"  ««*  o'  " =*'■  acconU 
latent  form  of  electridly,  so  mimetUm  '"6  '"  ."l«  direction  in  which  the  electric 
may  poasibly  be  nothinjt  more  thkn  dec-  ^H^*?'  ^'^-  ">  '*•"'  ■'^  revwTing  the 
tricity  in  a  stiU  more  Utent  form  ;  and  t  °!},  °^  "'e,*'"™''  thf  '",2!"'"  "' 
lie  ifUr^fore  proposed  it  as  a  subject  ">«  ^^f*"*  T'"  *•"  ^versed  The  pe- 
woTthy  of  inquiry  whether  electricity.  1^?"  '"" ^  "^^  «^*'=^,  "  '°^-°''-— 
employed  in  lte^  its  most  Utent  form,  ,  ^^^  *"^.  ?'  "'«  ''^}^  "'?','=''  ^  »'- 
might  not  be  found  to  have  a  sensible  */»  «^  ""*  '"  "*!."*^!'l*  .1'^*  °'  ""^ 
effect  upon  a  magnet.  It  Es  difficult  '^"■'7;.  »'  towards  which  the  current 
dearly  to  understand  what  he  iheans  by  5^  P°>il"e  electricity  a  flowing,  imme- 
Ihe  expression  of  latent  MtaUt,  as  a/  '''^^' '^"''^ '"-"l?  ""  ""^  ^  . 
plied  to  electricity,  but  it  may  be  suffi^  ,^<"-J  The  deviation  of  the  needle  ii 
eient  for  us  lo  know  that  in  the  various  '"*  ""«•  whether  the  uniting  wire,  m- 
endeavours  he  subsequently  made  to  *'™  "[  '"'"B  immediately  above  the 
rerify  hii  conjectures,  he  was  led  to  "^«'  ^  P^'ced  somewhat  to  the  east 
■iieh  forms  of  expenraent  as  affurdtd  "'',"*«*  "^  '*.  provided  it  continue  pa- 
decisive  indications  of  the  influence  of  ™'el  lo  and  also  above  it.  This  shows 
Voltaic  currents  on  the  magnetiied  "'at '"e  effect  is  not  the  result  of  a  sira- 
needle.  Yet,  even  afler  he  had  sue-  P'*  altraclive  or  repulsive  influence,  for 
ceeded  thus  far,  it  was  a  mailer  of  ex-  'T-  ?"^  P0^«  °'  ™  mwrnetic  needle 
treme  difficulty  to  determine  the  real  "'"cnappfoachesthe  umUngwire  when 
direction  of  this  action,  and  it  was  not  P'?™*  ?"  ''"  ^'^'^  ""ie  ""ties  from  it 
till  the  dose  of  the  year  1819  that  his  "7"  P'^«^o  »»  '!*.  west  side. 
perseverance  was  at  length  rewajxied  by  y^:'  "  *,''*  uniting  wire  be  placed  in 
complete  success.  a  tioniontal  plane  under  the  raagnKlio 
(1 0.)  The  first  account  of  his  disco-  5**"'=  '"^  l*""  "  afi^cted  lo  an  equal 
Tery  that  appeared  in  Eneland  is  con-  °*S>:^  "  '"  'he  former  case,  but  the 
taioed  in  a  paper,  which  he  himself  »o  f""*  *«  made  in  the  contrary  di- 
communicated.  in  Thomsons  Annals  of  f«'»0"  '•  «"^  "•«  po'e  o^  •"«  needle  next 
Philosophy,  for  October,  1820 1;  and  '" '™  negative  end  of  the  battery  now 
in  which  the  following  eiperiments  are  ""^'atcs  lowaftis  the  east, 
described :— The  two  poles  of  a  powerFiil  C^-*  "*«  eff^ts  above  described  wiU 
Voltaic  battery  were  connected  by  a  Ft^- 1. 

metallic  wire,  so  as  to  complete  the  gal-  p                 — > 

vaniccircuiL    The  wire  wlijch  performs  ^       ' 

this  office  he  called  the  umtingwire;  J^ ■*- — 

and  the  tStet,  whatever  it  may  be,  which  .--*'''    ■■■^■-,..              """"N. 

takes  place  in  this  conductor,  and  in  the  ^'r-^M«aMMp^^— ^ 

■pace  surrounding  it.  during  the  pas.  '"■■..^            \  '''''■''^sr 
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be  more  cleady  nndentood  from  an  in- 
■peclion  of  F^t,  I  and  2,  where  N,  S 
pretent  the  two  opposite ^les  of  the  ma%- 
netie  needle,  lialanecd  upon  its  pivot ;  and 
p  n  the  uniting  wire ;  the  end  p  being 
connected  with  the  positive  or  copper 
end  of  the  limple  nivuiic  battery,  and 
the  other  end,  a,  Ming  connected  with 
the  negative  or  line  end  of  the  same 
battery.  (See  (he  Treatise  on  Galva- 
H»H,H^'>  So  thftt  the  direction  of  th: 
[K»iti?e  electric  current  is  from  plo  ft,  a< 
deicrib«d  by  the  utohs  id  the  figura. 

Fig.  2. 


be  placed  on  a  lerel  nith  the  needle 
NS  and  parallel  to  it,  on  its  eastern  side, 
the  pole  S,  next  to  the  negative  end  of 
the  wire  n,  nill  be  elevated,  and  the  pole 
Fig.  3. 

-\  y^' 


When  the  uniting  wire  is  above  the 
needle,  as  mflg.  1,  the  pole  S,  vihich  \% 
next  to  the  negative  side  of  the  battery, 
or  towards  vrhich  the  current  of  positive 
electricity  is  fiowitijr,  will  move  towards 
W,  the  western  side  of  the  horizontal 
dotted  circle;  and  the  needle  wilt  as- 
■iime  the  position  N'  S'.  When  the 
wire  is  below  the  needle,  as  mjig-  2,  t^e 
same  pole  S  will  move  towards  E,  the 
east  point  of  the  horizon ;  and  iis  new 
position  will  be  N'  8',  inclined  in  a  di- 
rection the  reverse  of  that  which  it  as- 
sumed in  tlic  former  case. 

(14.)  For  the  more  easy  retention  of 
these  facts  in  the  memory  Oersted  used 
the  following  formula:  namely,  '  the 
pole  aboot  whicli  the  Tiegalive  electricity 
enters,  ii  turned  to  tne  tceit ;  vtider 
which,  to  the  ca»t:  Another,  and  more 
convenient  formula,  however,  will  pre- 
sently be  given,  comprehending  not  only 
these  but  many  other  facts,  which  are 
derived  from  a  more  universal  principle 
applicable  to  all  of  them. 

(IS.)  When  the  uniting  wire  is  si- 
tuated in  the  same  horiionlal  plane  as 
that  in  which  the  needle  moves,  and  is 
at  the  same  time  parallel  to  it,  no  decli- 
nation takes  place  eithvr  to  the  east  or 
west ;  but  the  needle  is  inclined,  so  that 
the  pole  next  lo  Ihe  end  of  the  wire  at 
which  the  negative  electricity  enters  is 
depresied,  when  Ihe  wire  ii  situated  on 
Ihe  west  side,  and  elevated  when  aitu- 
ftled  on  Ihe  east  side. 

T^us,  if  the  uniting  wire  p  n,  fig.  3, 


N  depre<sed,  so  as  to  assume  the  pou- 
tion  represented  by  tha  dotted  needle 
N'S'.  If  the  uniting  wire  had  been 
placed  on  the  western  side  of  the  needle 
the  pole  N  would  have  been  elevated, 
and  S  depressed  ;  and  the  axis  of  the 
needle  would  have  been  in  the  position 
N"S". 

(16.)  If  the  uniting  wire,  instead  of 
bnng  parallel  to  the  needle,  be  placed  at 
right  anglesloit,thatis,exlendinKfrom 
east  to  west,  whether  above  or  below  it, 
Ihe  needle  remains  at  rest,  unless  it  be 
brought  very  near  lo  one  of  the  poles ; 
in  which  case  the  pole  is  elevated  when 
the  entrance  of  the  negative  electricity 
Fig.  A. 


is  from  Ihe  west  side  of  the  wire,  and 
depressed  when  from  Ihe  east  side.  Thus 
the  pole  S,  fi^.  4,  is  elevated  when  the 
current  of  positive  electricity  proceeds 
from  p  lo  n ;  that  is,  when  Ihe  entrance 
Fig.i. 
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Fig.6. 
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of  Ihe  nc^liie  decWwty  n  from  the  llie  reciprocal  action  which  the  polei  erf 
*rnt  side  nflhe  wire.  a  ma  Knot  eieri  on  Ihe  conductinfc  wire; 

(17.)  When  the  uniting  wire,  inMead  for,  bj  placing  a  plate  of  line,  six  inches 
of  beinf;  hariiontal,  ii  placed  verliciilly,  square,  between  two  j^latei  o(  copper 
«s  shown  \njig.  b,  eitherto  the  north  or  formed  into  a  trough,  in  order  to  liold 
■oulh  of  tlie  needle,  and  then  brought  the  acid  vhich  is  to  act  up(Hi  the  (or- 
near  to  the  adjacent  pole,  if  the  upper  mer,  but  kept  from  touching  them  br 
extremity  of  the  wire  receives  thene^a-  ■mail  pieces  of  cork  interposed  oneara 
live  eleclricity,  that  pole  moves  towards  side,  on  forming  a  communication  be- 
the  east ;  but  when  the  wire  i*  brought  tween  the  two  plates  by  an  extended 
opposite  to  a  point  between  the  pole  and  wire,  and  then  suspendm^  the  wbols 
the  middle  of  the  needle,  as  in/;.  6,  the  appaiatus  by  a  thread,  the  effect  of  ft 
magnet  in  moving  the  wire  oould  ba 
readily  ascertained. 

(19.)  The  announcement  of  the  im- 
portant discovery  of  Uented  excited  the 
greatest  interest  among  all  the  philoso- 
phers of  Europe,  and  they  immediately 
occupied  themaelvea  in  repeating  and 
extending  his  experimenti.  Among 
those  who  were  em^ly  diatinguiabcd  br 
their  leal  and  activity  in  this  research 
were  Ampere  and  Arago,  in  France,  and 
Sir  H.  Davy  and  Faraday,  in  England. 
So  many  were  the  cultivator!  in  this 
aame  pole  deriatet  to  the  west.  When  new  geld  of  inquiry,  and  so  eagerly  did 
the  upper  end  of  the  wire  receives  posi-  they  pursue  the  path  thus  unexpectedly 
tive  electricity,  the  phenomena  are  re-  opened,  that  a  great  number  of  mtetest- 
Tersed.  >ng  facts  were  speedily  kirought  to  light ; 

(IB.)  Dented  found  that  these  expe-  airf  where  all  were  pressing  forward  in 
rimentt  aucceeded  equally  well  if  the  the  same  career,  it  is  scarcely  potsihk 
uniting  conduct!*  consisted  of  one  or  of  to  adjust  the  claims  to  priority  of  dis- 
sever^ wires,  or  metallic  ribbons,  con-  covery,  with  respect  even  to  the  most 
nected  leather.  Neither  is  the  effect  important  facts.  Instead,  therefore,  of 
altered  in  its  kind,  thouf^h  it  may  vaty  attempting  to  give  a  chronidogical  view 
somewhat  in  degree,  when  diStrent  of  the  progress  of  knowledge  in  this  de- 
metals  are  used  :  thus,  platinum,  gold,  partment  of  science,  we  shall  adopt  the 
silver,  brass,  iron,  lead  and  tin,  and  even  following  more  didactic,  and,  we  trust, 
mercury  contained  in  a  tutie,  when  cm-  more  instructive  plan.  We  shall  first 
ployedastheconductorioftheelectricity,  state  those  general  principles  to  which 
nave  aiimilarinfluenoeon  Ihe  magnetic  philosophers  have  arrived  l>y  gradual 
needle.  The  conductor  still  exerts  this  and  successive  inductions;  secondly, 
power,  although  it  be  interrupted  hy  we  shall  trace  the  various  combinaliont 
water,  provided  the  interval  between  thie  of  those  principles  in  different  ways,  and 
metals  does  not  extend  to  several  inches  under  different  circumstances,  and  the 
in  length.  The  macnelic  influence  of  effects  resulting  from  them;  and  lastly, 
Ihe  wire  on  the  neecUe  is  not  prevented  point  out  the  eiplBflations  which  they 
by  the  interposition  of  glass,  metals,  afford  of  particular  phenomena,  in  tin 
wood,  water,  resin,  stones,  or  any  other  order  which  appears  most  condudve  to 
substance  that  was  tried.  The  effect  clear  and  comprehensive  views  of  (he 
produced,  nevertheless,  is  referable  whole  subject  oi  electro -magnetism, 
purely  to  magnetism,  for  it  is  exerted  on  r'=.«-B»  iir 

magnetic  bodies  only,  and  has  no  in-     „    ^  ,  f       .  _,         .. 

fliience  on  needles  of  brass,  glass,  or  Pf^damenUd  Law  of  Ehelro-Mi^JKtte 
gum  laa    It  appears  to  depend,  not  upon  Action. 

the  mtensitv  of  the  euvulaling  eleotri-  (20.)  An  attentive  examination  of 
city,  but  solely  on  its  quantity  ;  and  ac-  the  (acts  descrilwd  in  the  preceding 
cordingly  Oersted  found  thai  he  could,  chapter  will  soon  convince  us  that  the 
with  a  single  galvanic  arc,  repeat  all  the  magnetic  force  which  emanates  from  the 
experiments  which  he  had  at  first  made  electrical  conducting  wire  is  entirely  dif- 
wilh  a  compound  Voltaic  battery.  In  ferent  in  its  mode  of  operation  from  all 
this  way,  also,  he  wa*  enabled  to  detect   the  other  forces  in  nature  with  which 
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we  are  acquainted.    It  does  not  act  in  a  h  determined  bjr  the  diTwrtion  of  liw 

direclion  parallel  to  that  of  the  current  current.    If  we  suppose  (lie  conduclinK 

which  IS  passing  along  the  wire,  nor  in  wire  to  be  placed  in  a  vertical  situaliom 

anyplttne  passing  through  that  direclion.  as  shown  injig,  7,pn,  and  the  current 

Jl  IS  evidently  ewrled  m  aplaneperpen-  of  positive  electricity  to  be  descending 

dicnlar  to  the  wire,  but  still  it  has  no  through  it,  or  rooring  fntn  p  to  «  (IhS 

tendency  to  moTe  the  poles  o(  the  mag--  negative  electricity  moving,  of  courts, 

net,  in  a  right  or  radial  line,  either  in  (he  contrary  direclion.  or  ascending)! 

directly  towards  or  directly  from  the  and  if  throuch  any  point  C  in  that  wirfc 

wire,  as  In  every  other  case  of  attraclive  the  plane  NN  be  taken  perpendicular 

or  repulsive  agency.    The  peculiarity  of  lo  p  n,  that  is,  in  the  present  case,  a 

Its  action  is  that  it  produces  motion  m  a  horUontal  plane ;  and  lastly,  ifany  num- 

circular  direction  all  round  the  wire;  ber  of  circles  be  described  in  (hat  plant 

that  18.  in  a  direction  at  right  angles  to  having  C  for  their  common  centre,  ihen 

the  radius,  or  in  the  direction  of  the  (he  action  of  (he  current  in  the  wit« 

tangent  to  a  circle  described  round  tbe  upon  the  north  pole  of  a  magnet,  sf* 

wire  in  a  plane    perpendicular  to    it.  tuated  any  where  m  that  plane,  will  b« 

Hence,  as  Mr.  Barlow  has  expressed  it,  to  move  it  in  the  line  of  the  tangent  (a 

the  electro-magnelic  force  exerts  a  Ian-  the  circle  which  passes  through  it,  and 

genital  action.  in  the  direclion  denoted  by  tfic  arrowi 

(21.)  The  direction,  in  the  eircumfe-  in  the  figure ;  that  is,  from  left  to  riglif 

rence  of  (hese  circles,  of   the  action  in  the  remote  part  of  llie  circle,  and  from 

exerted  on  any  one  pole  of  a  magnet  by  rigiit  to  left  in  the  nearer  part.    In  other 

the  electrical  current  which  is  moving  words,  the  motions  impressed  Will  be  in 

atnghtanglestotheplaneotthecirdes,  a  direction  eontsponding  to  thoae  of 


Pig-T. 


/iff.  8. 
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the  hands  of  a  watch  having  the  dial 
towards  the  positive  pole  of  the  Voltaic 

battery. 

(22.)  When  Ihe  direction  of  the  cur- 
rent is  reversed,  the  wire  still  preserving 
its  vertical  position,  the  direction  of  the 
action  is  also  reverb ;  and  thedreular 
motions  produced  correspond  to  the 
movements  ofthe  hands  of  a  watch  with 
its  face  downwards ;  that  is.  still  looking 
towards  Ihe  positive  electrical  pole. 

(23.)  "nie  actions  of  either  the  de- 
icending  or  ascending  electrical  current 
upon  the  south  pole  of  a  magnet  are 
exactly  the  reverse  of  those  which  are 
exerted  on  Ihe  north  pole.  Fig.  S  re- 
preientf  the  action  of  Ihe  curreDt  moT- 


he  (l-onl  p  to  n.  on  the  south  pole  ■ 
which  is  directed,  as  may  be  seen,  from 
right  lo  left  in  that  part  of  the  drcle 
which  is  opposite  to  the  wire,  and  which 
would,  therefore,  impel  the  south  polo 
in  a  direction  eontrkry  to  (hat  of  the 
hands  of  a  watch.  On  reverting  the 
direction  of  the  current  (hese  effects  will 
again  be  reversed. 

(24.)  It  is  evident  that  In  the  courta 
of  experiments  on  electro- magnetism, 
the  current  and  ma^elic  poles  may  b« 
presented  to  our  obseryatjon  in  a  gT«at 
variety  of  relative  positions ;  and  it  will 
be  found  not  very  easy  to  retain  a  per* 
ffect  recollection  of  the  way  hi  which  the 
fcrce  should  act  conformablr  to  Ibe  mU  r 
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Bbove  stkted.  Ampire  hai  hit  upon  na 
infcenioui  device  for  imprinting  ttiia 
rule  more  firmly  in  the  memor;,  and 
enahling  ui  to  apply  it  under  a.  great  di- 
versity of  circumstances.  The  electric 
eurrenti  are  not  only  chancterized  as 
poulive  and  ncf^tive,  and  as  flaning  in 
one  or  other  of  two  directions  along  Ihe 
wire  that  conducts  them,  but  may  be 
actually  pencnified  and  conceived  aa 
endowed  with  a  head  and  feet,  with  a 
face  and  back,and  witharightandaleft 
hand.  In  order  to  turn  this  idea  to  the 
beit  account,  and  being  at  liberty  to 
chooBe,  with  respect  to  the  various  kinds 
of  condilions  belonging  to  the  subject, 
one  or  c^her  of  two  alternatives,  we  shall 
■elect  in  each  case  those  which  seem 
naturally  entitled  to  the  preference :  and 
it  fortunately  happens  that,  on  combin- 
ing theae  conditions  to  selected,  they 
accord  exactly  with  nature,  and  are 
therefore  well  calculated  to  answer  the 
purpose  of  a  kind  of  arliGcial  memory. 
(25.)  First,  it  is  more  natural  to  fix 
our  attention  on  the  current  of  positive, 
than  of  negative  electricity.  Secondly, 
in  a  vertical  wire,  a  deteending  current 
vill  occur  to  us  more  readily  than  aa 
ascending  one :  or,  if  we  imagine  our- 
■elvea  t^OTne  along  by  the  current,  it 
would  be  more  natural  to  conceive  our< 
■elves  moving  ^th  our  /eel  foremost; 
but  ir,  on  the  contrary,  we  suppose  our- 
selves to  be  at  rest,  we  should  conceive 
the  current  to  be  passing  from  our  head 
to  our  feet.  Our/oca  would,  of  course,  be 
turned  touvrdi  the  magneticpole  to  which 
weandirectingour attention;  we  should 
attend  fo  the  tuu-th  pole  in  preference 
to  Ihe  south  (  and  the  movement  with 
which  we  are  most  familiar,  is  Ihst 
which  we  perform  with  our  righl  hand, 
ai  in  writing  for  instance,  that  is,  from 
left  to  righl.  Combining  these  condi- 
ti<HU>  Ibeo,  we  may  always  recollect, 
J^.  10. 


that  if  we  ermeeivt  owndet»  lying  in 
the  direrlion  of  the  eurrenl,  ihe  ttreaim 
qf  pniilive  electrieity  firing  through 
our  /iead  towards  our  feet,  with  tha 
magnet  before  u*,  the  north  pole  of  that 
moenet  will  be  directed  toumrdi  our 
right  hand.  If  any  one  of  these  condi- 
tions be  reversed,  the  result  is  reversed 
likewise. 

(26.)  The  action  of  the  conducting 
wire  on  the  pole  of  a  magnet  is  necessa- 
rily accompanied  by  a  corresponding 
and  opposile  action  of  Ihe  magnet  on 
the  wire.  When  the  wire  impels  the 
pole  from  left  to  ri^ht,  (lie  pole  impel* 
the  wire  from  rizht  to  left,  and  vico 
versi.  Thus  we  have  seen  that  a  posi- 
tive current,  descending  along  a  wir«, 
of  which  W,^.  9  A,  lepreseots  the  seo- 
/Vf.  9. 


tion  by  a  horizontal  plane,  urges  the 
north  pole  N  to  the  ri^nt,  in  the  direc- 
tion Nn,  but  the  wire  itself  is  also  Qre«d 
in  Ihe  direction  W  lo,  tothe  lefL  The 
contraiy  action  takes  place  betweoi  tbe 
south  pole  S,  _;^.  9  B,  so  thatifdther 
pole  of  a  magnet  were  fixed,  and  the 
wire  moveable,  the  motion  of  the  latter 
would,  as  in  the  case  we  have  already 
Considered,  be  circular,  and  the  foree 
which  impels  it  tangential.  This  ia 
■hown  '\Q_Pgt.  10  and  11,  where  }Mi,pft, 
&c.  show  the  successive  posilioni  of  the 
wire  urged  to  move  in  the  direction 
■honn  by  the  arrows,  by  the  influraiee 
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or  the  north  or  south  poles  N  or  8. 

Hie  inl)iienc«  exerted  on  Ihe  same  cur- 

l9  the  one  beii^  in  the  opposite 


effeclsjustdescnbedareagaianrerMd. 
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It  u  also  to  be  obiened,  tliat  the  mo-  Chattbk  IV. 
tioti  of  the  wire,  whatever  be  its  relative  2),y«(  Mnteqwmce,  of  the  Law  of  Btet>- 
position  to  the  mwiet.  la  always  moved  tr^.^agne^c  Action. 
parallel  to  itself ;  that  ii.  in  the  direction  ^ 
«f  aline  at  rkht  angles  to  it.  (28)  Let  us  now  inquire  into  the 
(27.)  The  direction  of  the  electro-  con.sequencca  of  this  kw.  So  different 
magnetic  force  being  thus  determined,  '*  *"«  action  of  tlie  electro -magnetic 
we  have  next  to  aicertain  the  exact  '<"^*  f''"™  that  of  the  other  forcea  in 
Jaw.  according  lo  which  its  intensity  nature,  with  the  effecU  of  which  we  are 
varies,  with  relation  to  the  distance  of  mo"  familiar,  that  a  particular  train  of 
the  electric  current  from  the  point  on  mveriigalion  is  required,  m  older  to 
which  it  acts.  The  most  reasonable  '""ace  its  exact  operation  under  every 
conjecture  we  can  form  on  this  subject,  combinaton  of  circumstances.  It  » 
prior  to  eiperimenlal  investigation,  is,  no*  easy,  even  in  Ihe  simpler  cases, 
thatthislawislhesamewiththatwhich  ^""^  •  smRle  magnetic  pole  w  snb- 
is  followed  in  the  case  of  electric  and  J«='«l  lo  the  action  of  a  conducting 
magnetic  actions,  namely,  that  the  in-  ""*.  at  once  to  pronounce  upon  the 
tensity  of  the  foree  is  every  where  I'recise  motion  that  wUl  resi*,  espe- 
inversely  as  Iho  square  of  the  distance.  'S'^")'  »  the  motion  of  the  magnetized 
But  it  this  be  the  real  law  of  action,  it  °°^1  w  limited  to  a  fixed  plane,  and  re- 
must  apply  to  the  elementary  portions  strained  to  mere  rotation  ;  but  the  diffi- 
of  the  two  agents  which  thus  mutually  cuHy  '*  M"ch  increased,  when,  as  most 
act  apon  each  other;  or,  to  adopt  the  frequently  happens  in  actual  experi- 
more  convenient  language  of  theory,  it  "nent-  the  investigation  is  complicated 
must  obtain  only  among  the  elementary  ■'}'  the  necessity  of  mcluding  the  com- 
pariicles  of  the  electric  and  magnetic  bined  actions  of  several  poles  of  dif- 
fluids.  In  Ihe  magnet,  the  action  of  the  ferent  kinds.  Tlie  only  mode  of  ob- 
latter  may  be  rt^garded  as  concentrated  taming  clear  views  of  Ihe  subject  is  to 
in  the  points,  which  are  the  poles  of  Ihe  eiamine  the  several  cases  in  their  order 
magnet;  but  in  the  conducting  wire,  the  of  simplicity,  commencing  with  each 
electric  fluid  which  ii  passing  through  ^°^^  taken  singly,  and  afterwards  all*, 
it,  acts  in  an  equal  degree  along  the  dying  their  several  combmalions. 
whole  line  of  its  motion ;  and  admitting 

the  hypothesis  of  the  action  being  in-  f  1.  E0ieU  on  ihe  Directive  Properly  iff 

veraely  proporiional  to  the  squares  of  a  Magnetic  Needle. 

the  distances  of  each  individual  particle.  (29.)  Confining  our  attention,  then. 

we  have  to  deduce  the  law  which  w.  f„  u«  present,  to  a  single  magnetic 

result  from  the  combmed  actions  of  aU  „f,^^  (he  north  pole  for  inibuice,  w« 

the  points  of  a  line  du-ected  upon  a  j;,,^  ,„  ex»niine  the  efffects  produced 

point  out  of  that  line.    Now.  it  may  be  „„,„  jt  by  «  conducting  wire  of  indefi- 

mathematiCBily  demonstrated,  that  if  Ihe  „f,g  ignp,!,,  acting  upon  it  with  a  tan- 

line  in  question  be  perfectly  straight,  -gn,;^  ^rce  inversdy  proportional  to 

and  Its  length  be  exceedmgly  great  in  J[g  distance,  when  the  movements  of 

proportion  to  the  distance  of  the  point  (j,jt  ^ire  are  limited  to  the  circumfer. 

on  which  it  acta,  then  the  intensity  of  ,,^  ^j  ^  ^i^ele,  in  a  given  plane^  per- 

action  wiU  be  inversely  proportional,  pendicular  lo  the  wire.    The  case  under 

not  to  the  square,  but  lo  the  simple  dis-  consideration  may,  in  a  great  meaanre, 

tance  of  the  point,  so  that  at  three  limes  ^^  exemplified,  by  placing  a  magnett 

Ihe  distance,    for  example,    the  force  gpj^  j/g  J2,  on    a  Bat   support,  AB, 

shall  be  one-third,  at  four  times  the  re,ting,  at  its  centre,  on  the  pivot  P, 

disUnce,  one-fourth,  and  so  on.    That  ^nd  balanced  by  a  counterpwsc  at  the 

this  law  is  conforTOable  to  observation,  opposite  end,  so  that  the  south  pola,  8, 
baa  been  proved  by  the  experiments 
conducted  by  Biot  and  Savart.  in  which 
the  intensities  of  the  force  at  different 
distances  were  accurately  ascertained, 
by  observing  the  numtier  of  osciltaliofts 
ptrformed  by  the  needle  in  a  given  time, 
and  taking  the  squares  of  those  num- 
ber. 
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of  the  maanet  may  be  exactly  above  AB,  in  any  piitwulaf  direction;    imd 

tlie  cenire  of  niolian.  the  motion  of  the  bar  will  be  detennmed 

In  Ihis  aihiafion,  the  action  of  any  iolely  by  the  nction  of  the  emrtnl  opOB 

electric^  current  upon  the  pole  8,  can  the  north  pole,  N. 

have  no  InfluenoA  In  turning  the  bar,  (30,)  Let  A  B  ODMN  Oi  >(#.  1»» 

i^.  13. 


■J 

be  the  horiionlal  circle  in  nhich  the  ing  at  N,  where  <he  position  of  the 

needle  N8  revolves,  8  beini;  the  centre  ne«dle  NS  is  at  rieht  angles  to  NW, 

of  its  revolution ;  and  let  W  be  the  ho-  it  is  reduced  to  nothing.    This,  there- 

rizontal  section  of  the  conducling  wirei  fore,  nill  be  a  position  of  equilibrium, 

which  acta  upon  the  needle,  and  alon^  and  the  equilibrium  will  be  a  stable  one, 

which  the  positive  eleolric  aurrent  ie  for,  on  disturbing  the  position  of  the 

descending.     In  every  position   of  the  needle  by  pushing  it  onwards  to  O,  for 

needle,  the  tangential  force,  acting  upon  example,  the  rotatory  force,  in  this  new 

the  pole   in  ttie  circumferenre  of  the  position,  acts  upon  it  by  the  lever  So, 

circle,  takes  the  direction  of  a  line  to  on  the  opposite  side  of  S  m,  and,  there- 

the  right   hand,  perpendicular  to  that  fore,  tends  to  give  it  rotation  in  the  con- 

which  connects  the  pole  and  the  wire,  trary  direction ;   that  is,  to  tiring  the 

At  D,  for  instance,  it  has  the  direction  pole  of  the  needle  back  again  to  N. 

of  the  lineDrf.  perpendicular  to  DW.  After  perTorming  a  few  osdllalions,  the 

Its  tendency  to  produce  rotation  in  the  needle  will,  therefore,  finally  settle  in 

needle,   by  turning    it    round    S,  will  the  position  SN 

be   proportional  to  the  cosine  of  the  (31.)  When  the  arcs  of  vibration  at« 

angle  formed  between  WD  and  the  ra-  small,  the  forces  which  tend  to  bring 

dins  D8 ;  or  it  may  be  represented  by  the  needle  to  its  point  of  rest,  are  very 

the  line  S<j.  drawn  parallel  to  WD,  and  nearly  proportional  to  the  arcs  ttiem' 

meeting  the  perpendicular  D  d,  lo  which  selves;    so  that,  in    this    respect,  its 

it  ii,  of  course,  also  perpendicular;  for  movements  are  governed  by  (he  auoM 

it  will  readily  be  seen,  that  the  rotatory  law  as  those  of  a  pendulum.    They  ae- 

eSbot  of  the  force  we  are  considering  cordingly  furnish  very  accurate  meam 

is  the  same,  whether  applied  on  the  of  determining  the  comparative  intensj- 

needle  at  D,  or  at  d,  on  the  arm  of  a  ties  of  the  electro-msKnetic  fbrceawhich 

levee  3d,  rigidly  connected  with    the  act  upon  the  same  needle  under  different 

needle.    The  needle,  then,  will  be  urged  circumstances  of  distance  ^mtliewire, 

by  this  force  to  move  towards  V,  and  as  or  of  intensity  of  the  electric  current, 

the  leni;ih  of  the  icver  by  which  it  acts  for  the  force  will  always  be  proportional 

continually  increases  until  it  reaches  this  to  the  square  of  the  number  of  oseilla- 

poiot,  BO  also  will  the  rotatory  power  tions  wiiich  the   needle  performs  in  a 

mcrease.    After  the  needle  has  passed  given  lime, — (See  TnatUe  on  Magnat- 

V,  it  will  again  diminish ;  when  it  comes  irat,  $  320.) 

lo  M,  its  measure  is  S  m,  aud  on  arriv-  (38.)  When  the  needle  b  itil]  fntfaer 
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deflected  towards  the nire,  the  force  that  the  arc  BUN  U  verysmoU,  compitred 
tends  to  bring  it  hack  tn  the  poaition  of  with  BVN  ;  yel,  if  (he  needle  be  placed 
■"catincreMestill  it  reaches  its  rouimuin  erer  so  hitle  on  the  other  side  of  B,  it 
at  the  position  SU,  where  the  needle  will  hntnediBtelj  lecede  from  that  point, 
points  directly  to  tha  wire.  Carrying  it  as  if  repelled  by  the  wire,  and  will  pro- 
still  further  to  the  left,  therotaloi^  force  ceed  to  describe  the  larger  portion  of  the 
again  diminishes,  till  it  arrlres  at  the  circle,  in  orderto  arrive  at  N,  a  position 
position  B9,  perpendicular  to  BW,  which  it  might  have  reached  by  a  much 
where,t)elngdirecled  to  theexact  centre  more  direct  course  had  it  described  the 
of  motion,  it  is  reduced  to  nothing'.  This  arch  BUN. 

position  of  the  needle,  therefore,  is  also  C34,)  The    sinpTilar  preference  thiis 

one  of  equilibrium ;  but  it  differs  from  shown  by  theneedleforavery  circuitous 

the  former  in  being  an  unstable  equi-  path,  in  reaching  its  destination,  when 

Hbrium ;   for    if  the    needle    be    dii-  it  appeared  free  to  take  the  shorier  line 

turbed  e»er  so  Ultla  fixim  its  position  that  leads  to  it,  appeared  exceedingly  pa- 

on  either  side,  it  will  acquire  a  ten-  radoxical  to  those  who  fir^t  observed  it, 

denoy  to  proceed  onwards  in  that  diree-  and  excited  much  astonishment.    But 

lion,  and  will  move  away  firom  the  point  the  explanation  we  have  given  shews 

B.    At  A,  for  instance,  the  rota(c»y  clearly  that  it  is  nothing  more  than  the 

force  acts  upon  it  by  the  lever  8  a,  urging  direct  result  of  the    pecoliar  law   of 

it  towards  If,  and  causing  it  ultimately  elcctro-ma^elic  force,  which  is  charac- 

to  settle  at  N.    At  C,  again,  it  is  urged  terized  by  the  tangential  direction  of  its 

towards  D  t>y  a  similar  force,  propor-  agency, 

tional  to  8c,  and  which,  increasing  as  (3S.)  If  the  wire  be  supposed  to  pass 

the  needle  advances,  carries  it  to  V,  and  through  the  circumference  itself,  as  in 

finally  brings  it  round  to  N.  Jig.  IS,  that  portion  of  the  circumfer- 

(33.)  It  may  here  be  remarked,  that 

the  rotations  of  the  needle  are  in  oppo-  Fig,  19. 
site  directions  in  these  two  poriions  of 
the  circumference ;  for,  in  tne  remote 
part,  BVN,  the  motion  is  similar  to 
that  of  the  hands  of  a  watch ;  in  the 
nearer  part,  BUN,  it  is  in  the  contraiy 
direction.  The  lines  WB  and  WN, 
drawn  from  W  to  the  points  where  the 
needle  is  in  equiTibrium,  being  at  right 
angles  to  the  respective  radii  B8  and 
N3,  are  tangenls  to  the  circle  at  Band 

N,  and  the  circumference  is  divided  by  

thew  points  into  two  unequal  portions,  ence  BN,  which  was  comprehended  be- 

Bo  that  the  needle,  in  passmg  from  B  to  tween  the  two  tangents,  and  in  which 

N,  by  the  operation  of  the  tangential  the  needle  was  urned  to  turn  in  a  direc- 

foroe  emaiMtmg  firom  W,  u  indicated  lion  contrarv  to  that  of  its  revolution  in 

by  the  arrows  in  the  figure,  has  to  tra-  the  rest  of  the  circle,  is  now  reduced  to 

verse  a  loiter  distance  when  moving  in  a  mere  point ;  and  the  needle,    when 

the  remote  than  in  the  nearer  part  of  placed  ever  so  little  to  the  left  of  (hat 

the  circle.    The  disproportion  between  point,  will  move  round  the  entire  drcle, 

these  two  arcs  continuslly  increases  as  and  even  when  it  arrives  at  this  point, 

the  wire  is  brought  nearer  to  the  circle,  can  hardly  be  said  to  settle  there,  for 

Whra  ferj  near,  as  ahown  in  Jig,  14,  the  slightest  movement  in  the  same  di< 

„.       .  rection  will  again  place  it  under  the 

'w-  _    ■  influence  of  the  same  impulse,  whidi 

-^'^^      "■'.,  will'  therefore,  carry  it  round  a  second 

/                     ''\  time.    The  very  momentum  it  has  «*■ 

^A^                        \  quired  in  thia  motion  will  be  sufficient 

/  ^^^L                     \  lo  transport  it  bniond  this  neutral  point, 

„J'js    ^^^-            1  L,  andtomaintainitin  Bstateof  perpetual 

"^T -^s— -y  ,v  revolution.    Should  thewire  U  actually 

^  ^^r                  I  within  the  cirde,  u  in /f .  JB,  then  the 

M(                           /  rotatory  (brce  will  remain  constantly  in 

\    ,,__^            y  ttM  same  dindion  in  every  part  of  the 

■^..-__--''""  ciide,  andt  scovnling  to  tneorji  "" 
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needle  will  reroln  in  perpetuity  in  the 
tune  eonrient  direction.  It  ia  obrious, 
however,  thkt  in  the  circuni*luice*  undo- 
which  ui  experiment  of  this  kind  ran 
be  mtde,  this  can  never  happen,  bec&uie 
Ibe  wire  beii^  %  lolid  lubstance,  and 
puling  perpendicularly  through  the 
pUne  of  the  circle  in  which  the  needle 
turns,  its  presence  most  errest  the  mo- 
tion of  the  needle  as  soon  as  it  comei 
in  contact  with  iL  The  only  position 
which  the  needle  can  lake,  therefore,  it 
that  of  resting  against  the  wire  in  the 
manner  reprcwnted  in  Jig.  16.  In  tny 
Fig.  16. 


/ 


other  part  of  the  drcle,  it  wQl  move  on- 
wards in  the  direction  indicated  by  Itae 

(36.)  Having  thus  investigated  the 
action  of  an  electric  current  on  a  single 

Sole,  we  are  now  prepared  for  the  consi- 
eration  of  its  combined  action  upon 
the  two  opposite  poles  of  a  magnetized 
needle,  balanced  in  the  ordinaiy  way 
on  ill  centre.  In  this  case,  the  current 
■■  g  through  the  wire  W,/^-  17, 
i^.  17. 


indicated  by  the  mtowi  placed  at 
these  points.  When  the  needle  is  m  tbe 
position  SN,  at  right  angles  to  tlie  line 
WC.  the  rot*tory  forces,  being  directed 
|>erpendicularly  to  WS  and  WN,  as 
indicated  br  the  arrows,  oppose  one 
another,  and  acting  by  the  levers  C«  and 
Cn,  which  are  equal  in  length,  are  in 
exact  equilibrium.  The  equihtHium  b 
■table,  as  nill  be  evident  from  consider- 
ing that  the  displacement  of  S,  in  tbe 
direction  of  D,  increases  the  len;^  of 
the  lever  Ct,  while  the  accompanying 
motion  of  N  towards  E,  diminishes  the 
length  of  Cn,  The  force  repreaented  bf 
the  former,  will,  therefore,  preponderate 
over  that  represented  by  the  latter,  and 
will  carry  bwJi  the  pole  S  to  its  farmer 
situation.  The  same  would  happen, 
were  the  displacement  made  on  the 
other  side  of  S,  fbr  in  that  cam,  the 
force  which  impels  the  pole  N  would 
have  the  advantage  over  that  which  acts 
on  the  pole  S,  and  would  restore  Ibe 
needle  to  its  position  of  rest  SM.  This 
opposition  of  forces  occurs  when  tbe 
needleis  situated  any  where  between  the 
lines  AB  and  DE,  which  are  respect! vdy 
perpendicular  to  the  tangents  to  the 
circle,  WA  and  WE ;  for,  in  either  of 
these  situations,  AB  or  DE,  the  rotatoiy 
force  exerted  in  one  of  the  polee,  is,  as 
we  have  t>efore  seen,  $  30,  reduced  to 
nothing,  B^ond  these  positiona,  ttte 
rotatory  force  changes  its  direction, 
so  that  in  any  part  of  the  area  APfi, 
and  DQB,  the  forces  acting  upon  tbe 
two  poles  conspire  in  producing  a  si- 
iniltr  efiiect  of  rotation. 

(37.)  In  proportion  as  the  wire  W, 
Jig.  18,  is  brought  nearer  to  the  needle, 
the  ai'cs  ASD  and  ENB,  in  whic^  tbe 
two  forces  oppose  each  other,  form  a 
larger  portion  of  the  circle,  wlUle  those 
in  which  they  concur,  AE  wctd  DB, 
become  smaller.  Here  it  may  also  Ik 
Fig.  18. 


exerts  a  contrary  action  upon  the  two 
poles,  N  and  S,  of  the  needle.  When 
the  needle  is  in  the  pnsiiion  PQ,  that  is, 
in  the  same  line  with  W,  these  two  con- 
trary forces,  acting  at  right  angles  to 
the  radius,  and  on  opposite  sides  of 
the  centre,  concur  in  their  rotatory  ef- 
fort, and  the  needle  is  urged  by  tbe  sum 
of  these  forces  to  turn  m  the  dimriioB 
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observed,  that  when  the  posilion  nf  Ihe 
needle  differs  much  from  that  of  SN, 
the  two  polea,  N  and  3,  will  be  &t  very 
different  distances  from  the  wire,  and 
the  inlensily  of  the  force  being  inversely 
M  the  distsnce,  the  forces  acting  upon 
the  two  poles  will,  in  consequence,  difi^ 
ma.teria1ly.  When  the  forces  concur  in 
their  rotatory  effect,  the  result  will  not 
be  affected  hy  this  difference ;  but  when 
fhey  oppose  each  other,  the  increase  of 
force  acting  on  Ihe  nearer  pole,  will  go 
far  towards  compensating  for  the  greater 
obliquity  of  its  direction,  and  will  bring 
it  more  nearly  to  an  equalil^  with  the 
smaller  force,  which  acts  with  j^eater 
mechanical  adTantsge  on  the  distant 
pole.  This  equality  is  actually  attained 
when  the  wire  passes  througn  Ihe  cir- 
cumference of  Ine  circle ;  for  now  the 
force  acting  upon  S,y^,  19,  in  the  direo 


i^.l9. 


only  position  in  which  the  equilibrium  is 
stable,  is  that  of  N8,  Ihe  north  pole 
bein^  to  the  left,  and  the  aoulh  pole  to 
the  nght  of  the  wire ;  a  position  which, 
il  should  be  obierved,  ii  ex&clly  the  re- 

tig.  iO. 


tion  R3,  is  to  the  force  actmg  upon  N, 
in  Ihe  direction  RN,  invertely  as  Ihe 
distances  WS  and  WN  ;  that  is,  they 
are  ai  WN  to  WS :  but  as  the  former 
acts  by  Ihe  lever  C  ».  and  the  latter  by 
the  lever  C  «,  which  are  themselves  in 
the  proportion  of  WS  to  WN,  Ihey  must, 
by  Ihe  lawi  of  statics,  be  exactly  in 
equilibrium. 

To  place  the  mailer  in  another  point 
of  view,  Ihe  forces  ItS  and  RN,  when 
combined  together,  produce,  as  their  re- 
sultant, the  force  RW.  which,  being 
directed  to  Ihe  centre  of  motion  C,  can 
have  no  tendency  lo  produce  rotaliotk 
Hence  it  follows,  that  the  needle,  what- 
ever be  its  position  in  Ihe  circumfereneei 
wilt  appear  to  be  totally  uninfluenced  tnr 
Ihe  wire;  the  action  of  the  latter,  onboln 
poles,  exactly  balancing  each  other. 

(38.)  This  stale  of  equilibrium  no 
longer  reroaini  when  the  wire  is  within 
the  circle.  Jig.  30.  It  will  now  be  found, 
that  in  no  position  of  the  needle  do  tha 
twolbrcei  conspire  to  prodace  Iho  same 
rnlalory  motion,  and  thatthey  omnseone 
•neither  in  every  part  of  the  circle.    The 


verse  of  that  which  the  needle  u 
when  the  wire  is  out  of  the  circle,  as 
in  JIgt.  17  and  18.  When  disturbed 
from  this  position,  and  brought  lo  fT  /, 
for  example,  the  force  urging  the  pole 
n',  which  is  neaieat  to  the  wire,  become* 
more  effective  than  that  acting  upon  1  he 
more  distant  pole  «',  and,  therefore, 
brings  back  the  needle  lo  its  station. 
But  if  Ihe  pole  N  were  placed  on  the 
opposite  side  of  the  wire,  as  at  n',  the 
tangential  force  which  cftrries  illowardi 
the  wire,  is,  here  also,  more  effective 
than  that  which  acts  upon  the  distant 
pole  «',  and  which  tends  lo  move  it  in 
the  contrary  direction  ;  the  needle,  there- 
fore, strikes  against  Ihe  wire,  and  being 
unable  to  pass  it,  remains  in  conlact 
with  it.  If  the  needle  be  carried  still 
further  from  the  wire,  however,  the  siu 
perioritv  of  this  force  will  continually 
diminisn,  and  cease  entirely  when  Ihe 
needle  is  in  the  transverse  position  8N, 
shown  in  Jig.  21,  where  the  two  pales,  8 
and  tj,  are  equi-diatant  from  W.  Here 
there  is  again  an  equilibrium,  but  it  is  of 

Fig.  21. 
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the  unstable  kind,  for  as  i 
removed  further  from  the  w 

acting  aa  S  K&in*  the  advantage,  and  continuaus  pari  of  the  line  e/,  namely 

turn*  the  needle  round  lill  its  revolution  CF  and  E  e,  the  equilibrium  is  stAble; 

is  arrested  by  its  coming  against  the  when  in  any  of  the  dotted  parts  E  C 

wire,  in  the  position  »  n.  or  F^^,  of  the  same  line,  unstable ;  on 

(30.)  Although,  strictly  spealiing,  the  the  hne  tn,  the  action  is  at  the  maxi- 

tan gent i al  fan»  exerted  Eiy  an  electrical  mum.    The  letters  0,0,0,0,  show  the 

currAit  upon  either  pole  of  a  magnet',  spaces  nhere    an  i^parent  altractioa 

has  no  tendency  to  cause  the  pole  to  lakes  place  between  the  wire  and  ttie 

approach  to,  or  recede  from  it,  and,  nearest  pole,  vhen  the  former  is  situated 

therefore,  does  not  possess  the  character  in  the  respective  spaces  bounded  by  the 

either  of  an  attractive  or  of  a  repulsive  above  lines ;   and  r,  r,  r,  r,  the  ^.^^^^ 

force,  yet  the  movements  of  a  needle,  in  where  there  is  apparent  repulsion.  These 

thenrcumstancei  wehavejustbeencon-  latter  spaces  are  shaded  for  the  sake  of 

sidering,   often   resemble   those   of  at-  distinction.     Thus  within  the  quadrant 

traction  and. repulsion.    But  if  viewed  SCE  there  is  apparent  attraction  o(  the 

with  reference  to  such  a  cause,  they  pole  3 ;  in  the  shaded  quadrant  SCf 

would  appear  exceedingly  anomalous ;  there  is  an  apparent  repulsion  of  that 

and  accordingly  the   sudden    changes  pole:  in  the  shaded  auaorant  ECN.ttK 

from  sltraclion  to  repulsion,  which  take  pole  N  moves  from  the  wire ;  in  NCF, 


(ilaee  from  a  slight  alteration  in  the  re-  towards  it.     In  the  spaces  exterior  to 

ative  positions  of  the  wire  and  needle,  the  circle  the  aolioBt  are  exactly  ihe 

Appeared  to  the  earlier  experiment  allots  reverse  of  those  in  the  interior ;  in  the 

to  Iw  very  capricious  and  unaccountatile.  shaded  space  bounded  by  t  3,  e  E,  and 

(40.)    In  order  fully  to  understand  the  circumference,  the  action  in  S  is  ap- 

theie  transitions,  we  may  arrange  the  parently  repulsive;  in  the  white  space 

results  of  the  preceding  investigation,  on  the  other  side  of  S,  liounded  by  the 

as  they  refer  to  any  one  given  position  lines  S  (,  F/,  and  Ihe  circumference:,  it 

of  the  needle  SN,  J^.  32,  vai^mg  the  is  attractive ;  and  the  contrary  obtains 

«. .  no  ^'*-^  rf^ard  to  the  spaces  on  the  otha- 

'**r'i2.  sideoftheUne#/. 

i  2.  MovenwiU  0/ the  Magnetic  NeetUe 
infi-ee  gpace. 
(41.)  In  the  preceding  mTestiaalioa 
our  attenlion  his  l>een  excluaivdy  di- 
rected to  Ihe  delurniinaticm  of  the  effects 
of  theeleclm-magiietic forces OD  amag- 
netJied  needle,  so  restricted  in  its  matioo 
as  to  be  capable  of  onlv  turning  on  Us 
centre ;    and  we  have  had  to  consider 
only  the  forces  which  tended  to  produce 
the  rotation  of  the  needle.    A  part  of 
the  forces,  however,  whioh  act  on  ihe 
poles  is  exerted  in  anotlier  direct  ion,  and 
would,  were  the  needle  at  liberty  to  atiey 
them,  occasion  the  displacement  of  Ihe 
whole  needle,  that  is,  would  i»-aduce  a 
motion  of  its  cenlre.    Tlie  needle  twin^ 
position  of  the  wire  only,  and  we  shall    confined  by  its  pivot,  the  only  effect 
then  ftnd  that  the  lines  which  form  the    produced  by  theseforcesispressureupon 
boundaries  between  the  positions  of  ap-    this  pivot.     But  \f  tliis  obstacle  be  re- 
parent  attraction  and  repulsion  are  the    moved,  and  Ihe  needte  be  allowed  to 
circumference  of  the  circle  of  which  the    move  freely  in  any  direoiion,  the  action 
needle  is  a  diameter,  together  with  Ihe    of  these  remaining  forces  will  become 
prolonged  a\is  of  the  needle  n  1,  and    manifest ;  the  motion  of  the  centre  of 
a/iolher  line  crossing  it,  at  the  centre,  at    the  needle  being  determined  in  it«  quan- 
pght  angles,  «/     The  ciroumference    tity  and  direction  by  the  magnitude  and 
nidicales  the  positions  of  the  wire  when    direction  of  the  resultant  force  estimated 
SLlle'"'«rfi,!^^'"  1-  P""'"«'l  ?°  .the    by  referring  the  two  Gompoiwit  loieet 
needle,  or  the  positions  of  neutrality,    to  that  point. 
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(42.)  When  the  eonduetiog  vire  W,    act  from  the  wire ;  and  the  othar  ii  that 
/l£.  23,  U  BJluated  in  pny  part  of  the  line    the  angles  they  form  with  one  another 
become  more  obtuse  as  that  distance 
"S-  **'  increases.      Mathematically  speaking, 

the  tangential  force  applied  to  each  pole, 
when  referred  to  Iha  direction  of  the 
line  joining  the  wire  and  the  centre  of 
the  needle,  is  directly  ai  the  cosine  of 
(he  angle  formed  between  the  axis  of 
the  needle  and  the  line  connecting  the 
pole  and  the  wire;  and  it  is  also  in- 
versely as  this  line ;  so  that  calling  the 
force  referred  to  that  direction  a,  the  dis- 
tance from  the  wire  to  the  centre  of  the 
needle  d,  the  distances  of  the  wire  from 
the  respective  poles  8  and  N,  t  and  n, 
and  the  length  of  the  needle  m ;  and  ■  and 
0  being  the  angles  between  the  axis  of 
the  needle  and  the  lines  connectins  the 
WC.  at  right  anrias  to  the  axis  of  the  wapective  poles  with  tl«  wire,  we  have 
needle,  the  tangential  force  acUng  on  the  the  f  oUowing  eqnalion : 
poleS.in  the  direction  represented  by  ^cos.  »      eos,  g 

the  arrow,  at  right  angles  to  WS,  may  r  n 

be  supposed  to  be  transferred  to  the  But  as  we  have  taken  the  case  of  Vf 
centre,  C.  of  the  needle,  and  to  be  re-  being  placed  on  the  line  drawn  from  the 
pTuented  by  the  line  C  j.  The  force  centre  of  the  needle  at  right  angles  to 
acting  upon  N  bdng  in  like  manner  re*  its  axis,  the  two  angles  alcove  mentioned 
pretented  by  C  n ;  the  resultant  of  these  are  e<{ual,  and  every  part  of  the  line  ia 
two  forces  will  be  a  force  represented  equidistant  from  S  and  N,  that  is, 
bythediagonalCaof Iheparallelogran],  •=^,  and   t=«; 

having  C«  and  Cn  for  its  two  sides,    ...  •■      l      _  2cos.d 

ud  if™  sito  tain,  m.l,  .nd  (qualljl    '""''the  eqn.lion  become  "-— ^. 
inclined  to  tiie  line  WC,  ttiis  diagon^    Now 
will  coindde  with  that  line :  hence  the  _CS  _  i  m 

force  will  be  such  ee  to  move  Ihe  centre  '*"'  '~^fs — 7"' 

ol  the  needle  direetljtowjrd.W.  that »,    ,hi„j  „,„  „f  „,.  .  j,,      aub.tilnled 
the  raedle  wdl  appearto  be  at Wcted  by    i„  „,,  ,„„„  „„allon,  thi  formula  be- 
lt   If  either  the  current  had  followed    cornea 
an  oopoaite  courae,  or  the  pole*  of  the  „ 

needle  had  tteen  reveraed,  the  forcea  "'a^* 

wonld  tove  acl«i  in  the  cppoiite  dir»-  ,^  ,  j  „^  ,  „,  ..„>„„,  .ti^tion 
to,  a^d  would  ha,,  been  >ep>aMnt«i  ,,  j;^,,  „  ^  1  J, "l  theS" 
byth.ljne.O^,0»\fo™,mgap.jal.  j  i„„'r.ely  aa  theTquar.  ofthedia: 
lelmani.  of  which  the  diagotnil  lat^r,  ^„  cf  the 'wire  Irom  e«h  pole 
indicatiug  a  inobon  of  Ibe  cent™  of  lb.  p,, ,  In  order  to  ealimal.  IhVattraetion 
needle  from  the  wiie  and  reaemb  .uj  ,Vh  relation  to  the  di.t.ncc  of  the  wire 
repjil.,o«.  Thi,  eff«t  al.0  tale,  pljca  fr„„  , be  centre  of  the  needle,  or  4  w. 
und«- the  original  circuni.ta.oea  of  Uie    „„„  „b,tilulelor  H  it,e,u.ld'-l-lm«i 

"£'^""S°"!!':'"''°'"^'°i.'"',  aolbatth,  formula  becomea 

nde  of  the  needle,  that  is,  m  any  part  of  ^      '  . 

the  line  CW ;  so  that  the  needle  will  a=^  ,. 

always  appear  to  be  attracted  by  the  _  .      ,       n.     !r /"**",  ii. 

wire  on  JJe  aid.  and  repelled  oS  the  ""l  "k™  "»  "f"' "'J'l  ™  » 

^  "  veiy  great  compared  with  the  length  of 

(43.)  The  WBiaitj  of  the  foice  which  »»  "H^'"'  "»  I""'")'  i  "'  "'V  "«' 

thus  impels  the  needle,  either  towards  be    neglected;    and    ~  may  be  taken 

or  from  the  wire,  diminishes  as  their  dis*  d* 

tance  is  increased-    Two  causes  con-  without  any  sensible  error  as  the  ex- 

•pire  to  produce  this  diminution  ;  the  prcsaion  of  the  altraclive  force. 

ooeisthat  the  component  forcea  them-  <-l5.)  ThismBybeexperimentallyillns- 

Mlves  are  inversely  proportional  to  the  trated  by  suipending  a  magnetic  needle. 

diaUnoet  of  tb*  pouU  on  Trbich  they  SN,^.a4,  from  ill  centre  by  a  thread. 
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■o  (hat  it  inajr  be  balanced  honiontally, 
and  brinj^mg-  it  nilhin  a  certain  distance 
of  a  vertical  conducting  wire  P  n ;  if  the 
electrical  cutrent  be  deicending  in  Ibat 


the  same  thin^,  when  a  tct;  short 
needle,  «  n,  ii  taken  and  carried  round 
tbe  wire  P  N,^.  25,  in  a  circle,  its  polei 
vill  always  preierre  the  aame  relative 
■ituation.  as  indicated  by  the  lellen  in 
the  fif^re,  each  being  turned  in  the 
direction  in  which  they  are  respectively 
urged  to  move  round  the  circumkreoce 
by  the  tangential  force.  But  the  ten- 
dency to  approach  tbe  wire  will  be  quite 
insensible,  in  consequence  of  the  angle 
fonned  by  the  directions  of  (he  two 
forces  being  so  nearly  equal  to  two  right 

(47.)  When  the  wire  is  ;daced  in  any 

Eart  of  the  circumference  of  the  circle, 
a»ing  for  its  centre  the  centre  of  the 
needle,  and  passing  through  the  jioles, 
the  resultant  of  \ha  two  forces  C  i  and 
Cn  (Jig.  26),  has  the  exact  direction 
of  the  line  CW;  and  therefore,  neithi.'r 


Fig.  26. 


wii-e  the  needle  will  place  itself  so  that 
the  north  pole  N  will  he  to  the  right,  and 
the  south  pole  to  the  left  of  a  spectator 
conceived  lo  he  placed  in  the  situation 
of  the  wire  and  looking  towards  the 
needle,  as  shown  in  the  fiffure ;  whereas 
if  (lie  needle  be  before  the  wire  as  at 
N'S'  the  poles  will  have  a  reverse  po> 
sition.  In  both  ca^es  the  needle  will  b« 
impelled  towards  the  wire,  as  shown  by 
tii«  inclination  of  the  thread  by  which 
it  is  8iiS|>ended. 

(46.)  When,  on  the  other  hand,  the 

ni-eille  is  lemoved  to  a  considerable  dis- 

tjiiice  from  the  wive,  or  what  comes  lo 

Fig.  2S. 


in  this,  nor  in  the  preceding  case,  is 
there  any  rotatory  force  in  operation. 
But,  in  the  present  case,  the  force  CW' 
being  olilique  to  the  axis  of  the  needle 
8N,  a  part  of  that  force  is  exerted  in 
moving  (he  needle  in  the  direction  of  its 
length,  from  C  towards  S,  and  in  bring- 
ing the  centre  0  opposite  to  W ;  so  that 
it  will  not  rest  until  that  centre  come* 
in  contact  with  the  wire,  as  shown  in 
Jig.  27.  A  similar  tendency  in  the  cen- 
tre of  the  needle  to  move  towards  the 
wire  takes  place  in  all  other  situations 
%.27. 


.> 
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Of  the  wipe  on  thai  tide  of  the  needle ;    (ion  required.     Thii  trilE  uppeir  horn 
but  the  direetioa  of  the  tnotion  OToduced    the  (olloning  demonatntion : — 
is  more  or  less  oblique  to  the  line  con-  jk_.  39 

nectini;  the  centre  of  the  needle  with  *, 

the  wire.    This  direction  may,  in  all  ,.-'; 

catet,  be  ewily  found  by  drawing  the 
line)  C  «  and  C  n  (^.  28).  reepeetively 

perpendiculartoWSandWN,  andcom-  .•''  '; 

Pig.W. 


pleting  the  parsUelognm  C  «  a  n ;  of 
which  the  diagonal,  C  a,  will  be  the 
direclion  of  the  resultant  force  acting 
upon  C.  For  the  forces  at  S  and  N, 
bring  invertely  as  the  distances  WS  and 
WN,  are  in  the  ratio  of  WN  lo  WS, 
whi^  is  equal  to  the  ratio  of  the  si 


otCtto  Cn,  which  ar«the  actual 
of  those  anKles  with  the  equal  radii  SC 
and  NC.  The  lines  C*  and  Cn  will, 
thCTcfore,  correctly  represent,  both  in 
their  directions  and  in  their  relatiie  pro- 
portions, the  tangential  force*  in  ques- 
tion. 

(4B.)  The  aetinu  exerted  between  the 
wire  and  the  poles  of  the  needle,  are,  as 
we  have  seen,  reciprocal;  thewirebeing 
ur^  by  a  force  equal  in  intennly,  and 
parallel  in  iti  direcUon,  to  that  which 
acts  upon  the  centre  of  the  needle ; 
hence  t^  deterTninalion  of  this  resultant 
force  will  also  give  us  the  measure  tnd 
direction  of  th«  resultant  of  the  two 
forces  which  act  upon  the  wire.  Thus 
the  needle  SN,  ^.  2S,  beinj;  urged  by  a 
fiirce  represented  by  C  a,  the  wire  W 
will,  in  like  manner,  be  impelled  by  a 
force  represented  by  the  line  W 10,  equal 
and  parallel  to  0  a,  but  having  an  oppo- 
site direction. 

<49.)  The  direction  of  the  fane  im- 
pelling the  wire  by  the  joint  action  of 
the  poles  of  the  needle,  may  be  found 
eeonietrically,  by  describing  a  circle 
VI  b  Sr  Na,J^.  29,  which  shall  pass 
throuc-h  the  position  of  the  wire,  and 
bIko  throu^  the  two  poles  ;  for  the  dia- 
meter W  r  of  that  cirda  will  be  the  direo- 


Through  S  and  N  draw  S  r  and  N  r, 
respectively  perpendicular  lo  WS  and 
WN,  and  which  will,  of  course,  meet  at 
r,  the  eitreniity  of  the  diameter  Wr; 
and  through  W.  draw  Wt  and  Wn, 
parallel  respectively  to  r  N  and  r  S. 
meeting  them,  when  produced,  in  (  and 
ft,  and  fonningaparallelogram,  of  which 
Wr  is  the  diagonal.  The  triangle  Wr*, 
or  its  equal,  Wrn,  is  similur  to  the 
triangle  W8N,  because  the  angles  WNS 
and  W  r  S,  which  subtend  the  same  arc 
W6S,  are  equal;  as  also  the  angles 
W3N  and  jWr,  or  iU  equal  WrN, 
which  subtends  the  same  arc  WaN, 
The  sides  of  t^ese  triangles  are,  there- 
fore, proportional ;  that  is, 

WN  :  WS  ::  (r.  or  its  equU  Wis  : 
W*. 

But  the  tangential  forces  impelling  W 
in  the  directions  W  n  and  W«.  from  ttie 
actions  of  the  poles  8  and  N,  are  in- 
versely as  the  lines  W8  and  WN  j  that 
a,  directly  as  WN  to  WS,  and  therefore 
in  the  ratio  of  the  lineWn  lo  the  line 
Wj.  These  Unes  will,  therefore,  repre- 
sent, in  their  magnitudes  as  well  as  in 
their  directions,  the  two  tangential  forces 
by  which  W  is  impelled;  and  conse- 
quently the  diagonal  Wrof  theparallel- 
ograin  of  which  they  are  the  sides,  or  the 
diameter  of  the  circle,  will  represent  tbe 
direction  of  tbe  resultant  force  in  ques- 
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(Se.)  Hence  it  Mows  that  the  wire  ii, 

in  all  situalioni,  impelled  to  iBO*e  in  the 
direction  ofthetangintaf  a  circle  having 
its  centre  in  the  prolongation  of  the  axis 
of  the  magnel,  and  of  which  the  radius  is  a 
mean  proportional  hetireen  the  distancei 
of  its  centre  bora  the  tno  poles.  Thus 
the  wire  at  W,  jig.  30,  is  impelled  by  the 
Fig.  30. 


action  of  the  two  polei  N  and  S,  in  the 
direction  of  the  tangent  of  the  circle 
of  which   the  centre  is  at  C,  in  the 


tween  CB  and  CNf.  It  will,  therefore. 
revolve  in  Hint  circle,  which  will  stand  in 
the  same  relation  to  the  magnetic  poles 
N  and  S,  with  regard  to  the  law  of  elec- 
tro-majmeUc  action,  that  the  magnetic 
curves  (See  Magnetium,  {  81)  do  with 
regard  to  the  law  of  magnetic  action. 

CHArTER  V. 

AppUeaHon  of  the  principles  to  the  e:^' 
planation  o/ parlieular  fact*. 

(51.)  The  principles  we  have  derived 
from  the  precedini;  investigation  are  the 
foundations  of  Ihe  whole  science  of 
electro- magnetism,  and  furnish  the  key 
to  the  explanation  of  a  vast  variety  of 
AlCts,  some  of  which  might  appear,  with* 
out  ail  accurate  attention  to  the  eirenm- 
staneea  of  the  case,  exceedingly  anoma- 
lous and  perplexing.  It  is  evident  that 
they  oompletely  accord  with  the  results 
obtained  in  (he  original  experiments  of 
Professor  Oersted,  which  could  not  for 
some  time  be  clearly  understood. 

(92.)  In  these  experiments  it  will  be 
recollected  the  wire  was  horizontal,  and 
applied  dther  ^wve  orlwlow  the  needle, 
and  in  a  direction  parallel  to  it.  In  this 
case  the  action  of  the  wire  is  exerted  in 
the  lani^nl  to  the  circumference  of  a 
vertical  circle.  havini(  the  wire  for  its 
iMnlre ;  and  this  action  being  in  oppo- 
site directions  upon  the  two  poles,  con- 
spire to  give  the  needle  a  motion  round 
ill  axis.    But  ttie  needle,  having  already 


a  trndanoy  to  plaoe  itielf  i«  ttie  ^vm  oT 
the  magnetic  meridian,  in  eoaseqtMDce 
of  the  influence  of  the  earth,  will  arrange 
itself  in  a  position  intensediate  tietwceo 
this  plane  and  the  position  to  which  it 
tends  by  the  action  o(  the  dectric  cnr- 
reut.  The  KKatev  the  intenaitr  of  tbe 
lattei  force,  toe  greater  will  be  tbe  devia- 
tion of  the  needle  tcixa  tbe  magnetic 
meridian ;  and  both  IIm  amounl  and 
the  direction  of  the  deviatioD  will  be 
found  an  an  attentive  examination  irf 
the  results  of  Oersted's  esperimenta,  as 
already  detailed,  to  be  exactly  confatm- 
able  to  theory. 

(S3,)  When  the  wire,  stilt  kept  in  a 
horiuintal  position,  vrai  placed,  by  Oer- 
sted at  right  an^es  to  tJie  needic,  and 
over  its  centre,  no  visible  effect  took 
place,  because  the  actions  of  ttie  wire 
upon  the  two  poles  were  then  ezsetly 
balanced.  But  whenever  it  was  brought 
nearer  to  one  of  the  poles  than  to  the 
other,  the  vertical  action  bang  mote 
strongl)[  exerted  upon  that  pole,  occa- 
sioned its  elevation  or  depression,  ac- 
cording to  the  direction  of  that  acticm, 
precisely  in  themannerwhichthetheoiy 
would  lead  us  to  expect, 

(54.)  Mr.  Barlow  undertook  a  series 
of  experiments  to  determine  tbe  devia- 
tions of  a  magnetic  needle  from  its  na- 
tural pasiiion,  produced  by  a  vertical 
conducting  wire  under  difiennt  circum- 
stances,  and  deduced  from  the  theory 
various  formula,  by  which  its  amount 
may  tw  calculated.  For  the  details  ot 
his  researches,  the  reader  is  referred  to 
Mr.  Barlow'sEsiayoQ  Magnetic Atttac< 

(SS.)  Of  the  speculations  and  hypo- 
theses to  which  these  extrawdinAry  fads 
gave  rise  we  shall  defer  the  considwatlon 
to  a  future  place,  and,  confining  our 
attention  to  the  facts  themselves,  we 
should  here  notice  the  observations  of 
Mr.  Faraday,  which  led  to  the  more 
striking  illustrations  of  the  theory  of 
taoRcnttal  action  we  are  about  to  de- 
scribe. Mr.  Faraday  stalest  that  on 
placing  tbe  wire  perpendicularly,  uid 
bringing  the  needle  towards  il,  in  order 
to  ascertain  its  positions  of  attraction 
and  repulsion  with  regard  to  the  wire, 
instead  of  finding  these  to  be  four,  one 
attractive  and  one  repulsive  for  eacti 
pole,  he  found  Ihem  to  be  eight;  that  a 
two  atlractive  and  two  repulsive  for  each 
pole.    Thus,  allowing  the  needle  to  lake 
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itt  pofltion  of  equilibrinm  acroti  the    BeotioBiofUw  wiram  (bfltoent  b „. 

wire,  tnd  then  drawii^  ftnay  ilowly  the    with  regard  to  the  needle,  baluioed  hi 

support  of  the  ne«dle  from  the  wire,  so    its  centre  C,    The;  ere  marked  A  or  H. 

aato  bring  the  north  pole,  for  inslBDce,  „. 

nearer  to  it,  lha«  wei  attraction ;  but  "f^-  ^^• 

on  moving  it  a.  little  farther,  m  that  the  /*~N^  /''*N 

end  of  the  needle  wm  the  point  nearest       Ai    t    »R    p/    W  ai 

to  the  wire,  repuliion  took  place,  al-  Bi?"™^*!^^^^^^TI^~~«B 
thoogh  the  wire  w»«  still'  on  the  same  '■-.jr'  '--^  .-•-' 

aide  of  the  needle.    When  the  wire  wa«  _,.  ,, 

on  the  other  tide  of  the  tame  pole  of  ""^^'ng  "  'h^y  apnear  to  attract  or 
.  the  needle,  it  repeUed  it  when  opponte  J^'  ^^  •^J'S*".^  P>'?  S  ""d  N  ;  and 
to  mort  parts  between  the  cenuTand  "je  "row-heads  indicate  the  directions 
the  end ;  but  there  was  a  smaU  portion,  «^'^,^  cu^lar  motion  which  resulted, 
at  the  veij  end,  where  attraction  took  -  '";>  "■■'  ^""^'^  J^"?  C""''''^ 
pl^g  from  these  facts,  that  there  is  no  real 

(i6:>  Kg.  31  eihihits  a  compendious    '^"."'f  ^"^  repulsion  between  tl«  wire 
»iew  of  t^  relative  situationfof  the    and  either  pole  of  a  m^et,  the  actions 
needle  and  wire  in  these  experiments ;    ^^""^  ""J'"''  '*"«*•  */?='' .^'."^•'f  5 
'  compound  nature ;  and  he  also  mferred 

"g-  SI-  that  the  wire  ought  to  revolve  round  a 

magnetic  pole,  and  a  magnetic  pole 
round  a  wire,  if  prnper  means  could  be 
devised  for  givingeffect  lo  these  tenden- 
cies, and  for  isolating  the  operation  of 
a  single  pole.  For  Ihe  first  idea  of  the 
*  poisibilily  of  the  rotationsof  an  electro- 

magnetic wire  round  its  axis  by  the  ap- 
proach of  a  magnet,  we  are  indebted 
lo  the  sagacity  of  Dr>  Wollaston*,  who 
did  not,  however,  succeed  in  producing 
this  effect  in  the  experiments  which  he 
..       ,    ^  ,    ,    .  .     made  for  that  purpose. 

the  dectnc   current    being    inppoeed 

to  descend    along   the  vertJwi    wire  ChaptrrVI. 

p  n,    represented    in    eight    different 

positions ;  the  letters  A,  a,  R,  r,  denot-  Electro-magnettc  Rotattoru. 

ing  respectively  the  apparent  acbon  (ss.)  The  continued  revolution  of  one 
(whether  attractive  or  repiJsive)  ex.  ^.f  the  poles  of  a  magnet  round  a  ver- 
erted  in  each  of  these  positions.  A  UcaJ  conducting  wire  was  produced  by 
reference  to^Ig-.  13,  and  the  general  re-  h^.  Faraday  in  the  following  mannert: 
suits  stated  in  {  40.  wiU  sufficients  ex-    _Thal  the  action  of  the  wire  might  be 

Slain  the  facts  mentioned  by  Mr.  Fata-  Y\aa\ti  to  the  pole  in  question,  the  whole 
«y.  If  we  take  into  account  a  circiun-  niagnet.  with  the  exception  of  that  ex- 
stance  which  very  generally  obtains  in  tremity  in  which  the  pole  was  silualed. 
needles  of  the  pouited  shape  of  those  „as  immersed  in  merciuy,  i(a  lower  end 
Mnployed  in  the  expenment;  namely,  beingattachedbyalhread  to  the  bottom 
that  the  centre  of  the  active  portion  of  ^f  the  vessel  which  contained  the  mer- 
each  half  of  the  needle,  or  its  true  pole,  ^^y^  ,i,e  conducting  wire  being  made 
IS  not  situated  at  Ihe  very  extremity,  („  p^,,  j^^n  -^^^^  the  mercury,  imme- 
but  at  some  point  near  it.  and  towards  dj^teiy  above  the  place  where  the  copper 
thecentreoftheneedle.  Thusthewires  wire  was  fixed  lo  the  vessel  This  ap- 
m  the  extreme  positions  at  the  ends  of  pargtus  is  represented  in  to.  33,  and  a 
Ihe  needle  were  in  fact  placed  beyond  section  of  it  shown  in  flg.  34. 
the  poles,  and  correspcndad  m  their  si-  ^ot  the  purpose  of  directing  the  elee- 
tuation  to  points  out  of  the  circle  passing  trical  currtnt  through  the  mercury,  a 
through  those  pdes,  which  is  the  circle  hoig  y,^  dolled  at  the  bottom  of  Ihe 
given  in  to.  32.  cup,   into   which    a   copper   pin  wa« 

(ST.)  The  reaction  of  the  needle  on  ground  tight,  projecting  upwards  a  little 
the  wire  in  these  mtnations  was  also    way  into  the  cup,  and  melted  to  a  small 

pointed  out  by  Mr.  Fkraday.  and  illus- 

trated  hy  reference  to  the  following  .  pui™„biaiTnii«Hon.(«i8M.  p.tsa. 
flaun  (83),  whioh  TepNMota noniontu       t  OMrurlr  JiiuB>ti>i8ci«BMk*iLp.M>       , 
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round  plate  of  copper,  formii^  part  of    resistanoe  of  the  mercvny,  at  wlw^  pe- 
thefoot  o(  the  veiieL    Aaimila;  plateof    riod  the  velocity  becomes  unifona. 
copper  VIS  fixed  to  the  turned  wooden        (60.)  The  direction  of  the  motion  de- 
base on  which  the  cup  was  placed,  and    pends  on  the  direction  of  the  current, 
Ev-  OS  EVa-  u  ^'^  ^'^  "'^  denomination  of  the  pok 

*'^*  '•«•<"•  tijgt  ia  moved  by  it.     If  Ihe  current 

descends,  the  north  pole  of  a  magnet 
revolves  from  left  to  right ;  that  it,  in 
the  direction  of  the  hands  of  a  witch. 
If  Ihe  revolving  pole  t>e  the  south  pole, 
it  moves  in  the  contrary  directjon.  All 
this  is  in  perfect  conformity  with  what 
has  already  been  expluned  in  (21,  H, 
and  23,  and  illustrated  hyfigi.  7  aixl  S. 

(610  With  a  view  of^djminiihing  Ih« 
resigtance  to  the  revolution  of  the  mag- 
net, which  must  necessarily  take  place 
nhen  it  has  to  revolve  in  mercury,  at- 
tempts have  been  made  to  devise  a  me- 
thod of  suspending  the  magnet  on  a 
■nolher  piece  of  strong  copper  wire,  at-  pivot ;  hut  the  difficulty  has  al^aya 
tached  to  it  beneath,  after  proceeding  been  to  provide  a  proper  channel  for 
downwards  a  little  way,  was  made  to  carrying  off  the  current  after  it  has 
turn  horizontally.  The  surfaces  of  these  acted  upon  one  pole  of  the  magnet, 
two  plates,  intended  to  come  together,  It  t)ecame  evident  that  no  solid  con- 
were  tinned  and  amalgamated,  that  ductor  would  answer  the  purpose,  as  it 
they  might  remain  longer  clean  and  would  always  be  in  Ihe  way  of  the  mag- 
bright,  and  afford  belter  contact.  The  net  during  its  revolution.  This  obJMt 
magnet  used  was  of  a  cylindrical  shape,  may,  however,  l>*  aecompliriied  by  em- 
and  very  powerful,  and  had  its  lower  ploying  a  magnet  of  the  peculiar  ihape 
poie  fastened  by  a  piece  of  thread  (o  the  represented  in  fig.  33,  having  a  doutue 
copper  pin  at  the  bottom  of  the  cup.  bend  in  the  middTe,  so  that  this  part  is 
The  height  of  the  maenet  and  length  of  horisontal  while  the  two  extremities  are 
the  thread  were  so  adjusted,  that  when  kept  in  a  veKical  position.  The  magnet, 
the  cup  was  nearly  filled  with  clean  so  shaped,  is  furnished  with  an  ante 
mercury,  the  free  pole  floated  almost  cap  fixed  to  the  lower  side  of  Ihe  middle 
upright  on  its  snrface.  The  upright  horizontal  portion,  resting  on  a  fine 
Wire,  conununicating  with  one  of  the  point  of  an  upright  wire,  which  is  fixed 
poles  of  ttie  voltaic  battery,  and  con-  to  the  base  of  the  apparatus,  and  upon 
dueling  the  electrical  current  intended  which  the  magnet  is  balanced,  so  as  to 
to  act  on  Ihe  upper  pole  of  ttie  magnet,    allow  of  its  turning  freely  round.    In 

Eassed  downwards  from  the  upper  order  to  steady  its  motion,  however,  a 
ranch  of  a  stand,  so  as  to  descend  to  wire  loop  is  attached  to  the  magnet  lower 
a  small  depth  below  the  surface  of  the  down,  wnlch  embraces  the  upright  wire, 
mercury.  Its  lower  end  was  amalga-  and  retains  that  part  of  the  magnet  in  a 
mated,  in  order  to  ensure  perfect  con-  position  nearly  vertical  A  Kmall  cia- 
tact;  the  circuit  was  completed  by  tem.holdingmercury,  is  alsofixed  upon 
making  a  communication  between  the  the  magnet  at  the  middle  of  its  upper 
lower  wire  and  the  other  pole  of  the  side,  just  above  the  point  of  suspension. 
battery.  As  soon  as  Ihe  current  is  thus  A  bent  wire,  pointed  and  amalgamated 
established  through  the  apparatus,  the  at  the  end,  passes  out  from  this  cistern, 
upper  pole  of  the  magnet  immediately  and  dips  into  a  circular  trough  of  mer- 
revolvea  round  the  wire  which  dips  into  cury,  which  is  open  in  the  centre,  to 
the  mercury.  As  the  force  which  impels  allow  the  magnet  to  pass  freely  through 
it  continuei  to  act  without  diminution,  the  opening,  and  which  is  supported  on 
notwithstanding  the  motion  of  the  mag-  a  stage,  siislained  by  means  of  legs  con- 
net,  it  operates  as  an  accelerating  force ;  necting  it  with  Ihe  base.  A  wire,  pro- 
but  the  motion  of  the  magnet  in  a  circle  ceeding  from  the  interior  of  this  circular 
giving  rise  to  a  centrifugal  force,  the  cistern,  passes  out  of  it,  and  terminates 
magnet  is  carried  to  a  greater  distance  in  a  cup  with  mercury.  The  electrical 
from  the  vrire,  until  its  increased  mo>  current,  intended  to  act  exclusively  upon 
inwUmnMWiiBpwtMrt^dbyUMiiiMwwd   ffae  upper  tuU  of  ttu  nugMtt  it  to  IM 
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conducted  t^  &  TCrlical  wire  of  sufficient  Mr.  Faraday  aeeomptubed  bj  enpUqing 

thickness,  wliicti  is  fixed  so  as  just  to  the  appftratus   represented  in  flg.  36. 

dip  into  the  small -cistern  attached  to  the  The  glass  cup  holding  the  mercurf  is 

nutgnet.    Having  reached  this  point,  the  shallow,  and  has  a  tubular  stem;  but 

current  is  then  diverted  from  its  course  instead  of  being  filled  with  a  plug,  u 

by  the  wire  irhich  dips  into  the  laree  was  the  aperture  in  the  former  vessel,  k 

cistern,  and  is  thence  carried  away  by  the  small  copper  socket  is  placed  in  it,  ajid 

wire  which  terminates  in  the  cup  last  retained  there  by  bein^  fastened  by  ft 

dewribed,  to  such  a  distance,  and  in  such  circular  plate  below,  which  is  cemented 

a  direction,  as  to  prevent  its  actinjc  on  to  the  glass  foot,  so  that  no  mercury  can 

the  lower  pole  of  the  ma^et.     The  pass  out  by  it.    This  plate  is  tinned  and 

magnet  will  in  (his  manner  be  made  to  amalgamated  on  its  lower  surface,  and 

revolve  with  great  rapidity.  It  is  scarcely  stands  on  another  plate  and  wire,  justu 

necessary  to  remark,  thai  the  direction  in  the  former  apparatus.    A  small  ey< 

of  tlie  Tolation  will  depend  both  on  the  lindrical  magnet  is  placed  in  the  socket, 

direction  of  the  current  and  on  the  na-  at  any  convenient  height,  and  then  mer* 

lure  of  the  pole  which  is  ncled  upon  ;  so  cury  poured  in  until  it  rises  so  high  that 

that  reversing  either  of  these  conditions  nothing  but  the  projecting  pole  of  the 

will  occasion  a  change  in  Die  direction  magnet  is  left  above  its  surface  at  the 

of  the  rotation.    Mr.  Watkins  describes  centre.    The  forms  and  relative  positions 

an  apparatus  by  which  these  opposite  of  these  parts  are  seen  in  the  section 

rotations  may  be  exhibited  iri  two  mag-  Jfg.  37.    The  wire  which  dips  inio  the 

nets  at  the  same  time,  and  by  the  same  mercury,  and  has  its  lower  end  amalga- 

current,  by  placing  the  poles  of  the  one  «-„  ,,                       ^.^  __ 

in  a   contrary  jwsition  to  those  of  the  '*'  ^*'                        "S-  ^^■ 
other*.    Bui  it  is  unnecessary  to  dwell 
upon  these  obvious  corabinaiions  of  the 
more  simple  forms  of  the  experiment. 
Fig.  3S. 


(61.)  In  the  preceding  examples,  (he 
wire  was  fixed,  and  the  magnet  at  liberty 
to  move.  But  in  order  to  exhibit  the 
revolution  of  the  conducting  wire  round 
one  of  the  poles  of  a  magnet,  this  ar- 
rangement must  be  reversed,  that  is, 
the  wire  must  have  freedom  of  motion, 
and  the  magnet  must  t>e  fixed.    This 


mated,  may  be  suspended  to  afixedwire, 
either  by  a  ball  and  socket  joint,  con- 
structed BO  as  to  ensure  a.  continuity  of 
metallic  conductors,  or  more  simpW  by 
means  of  loops.  The  best  mode  of  ob- 
taining a  perfect  contact,  is  to  make  the 
fixed  wire  terminate  in  a  small  cup  con- 
taining mercury,  with  its  mouth  upwards, 
and  to  bend  the  moveable  wire  into  the 
form  of  a  hook,  of  which  the  extremity 
must  tie  sharpened,  and  must  rest  in 
the  mercury  on  the  tmttom  ot  the  cup, 
as  shown  in  fig.  38.  This  latter  wire, 
having  full  liberty  to  move,  revolves 
round  the  pole  of  the  magnet  which  is 
above  the  surface  of  the  mercury,  with 
an  accelerated  velocity,  ithich  afterwards 
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bMomeitinitom,  frbtiitheiiKmsingre'  lutions,  by  the  action  of  two  ^tbttH 

ditanoe  of  the  fluiil ;  the  direction  of  copper  &nd  zinc,  contmining  not  more 

the  motion  beinf;  determined    by  the  than  a  tquare  inch  of  suriace  each. 

piinciplei  already  laid  down  in  $  26,  and  (64.)  A  still  more  simple  mode  of  ra- 

exem^ed  by  ^jT*' 9>  'Oi  ^n^  II-  hihiting  the  rotation  of  the  wire,  is  to 

employ,  instead  of  a  piereed  cup,  a  wide 

Pig-  38.  andvery  shallow yessel,  as  a  tea-saucer, 

I  for  containing  the  merCTiTy,  andtobring 

J  a  strong  magnet  underneath  as  near  to 

^£\  it  as-possible.    It  may  e»en  be  placed 

lyh  under  the  table  on  which  the  vessel  is 

^^/  \  laid.    Under  these  circumstances,  the 

/    A  rerolution  of  a  wire,  allowed  to  dip  into 

/       \  the  mercury  as  before,  will  take  place  as 

/          \  soon  as  it  is  placed  in  the  YoKaic  cireuit 

/             \  The  efffect  is  the   same,   whether  the 

/ ,^\  magnet  tie  held  in  ahoriiontalorvertical 

t,                _/  position,  or  inclined  at  any  angle,  pn>- 

"""■ ■  vided  the  magnet  be  of  sufficient  length, 

(63.)  Mr.  Faraday  also  contrived  a  «>  that  the  infloenw  of  the  other  pole 
■mall   apparatus,  answering   a   similar  may  not  act  rensibly  upon  the  wire. 
purpose  with  the  last,  and  S  which  the  .^^-^  ;^"«  ^P"?*"'  T^^  "^^t^ 
wirTrevohes  very  rapi<tly.  with  a  very  ^  "^-  H"®'^"'    ^  «''"'»'"'^-  "  ''*• 
»iiaU  70ltaic  power. '^It^oonaists  of  a  n.-i^ner   the  simultaneous  revolution  rf 
piece  of  glass  tu^,  GG.JIg.  39,  the  lower  '"?  comiuctmg  wires  round  the  oppoaiie 
Sd    of  which   is    closel    bi  a  cork.  P°'«  "^fj"^^''-,  ^"If^gPfr   '^ 
tt>  39        through    which   a  smaU  »i»f"<ied. »■>.  "  to  n>o«  freely  were 
*■            niece  of  soft  iron  wire  b  *"               P  '"     "  shallow  veseel  oon- 
passed.  so  aa  to  project  tainingmercury.inwhioh  were  fixed  two 
iibove  and  belowthrcork.  ^^  ^•^Jt!'*'  Tu^  ^^  "???"''=  PJ^'"* 
A  little  merenry  is  then  ™"^  '■^'"'  "l^"^*"?/    On  mskiaK 
poured  in,  to  for^  a  chan-  |^«  "onneiuoa  between  the  battery  and 
ha  between  (he  iron  wire  ^'  appwatus,  the  wires  revolved  round 
and  the  glass  tube.    The  ^he  magnets  simultaneously,  but  m  op- 
upper  orffice  is  also  closed  p^'':frr?p'T' ;       F  i„. 

byrcork,  through  which  [66-)  The  two  form,  of  electro-mag- 

a  piece  of  plaU^um  wire  "^'*«."^'«"'  "'"^^,..^".  ^"  '**^ 

paJses,  and  terminates  be-  <l«*cnbed,  were  exhibited  at  the  same 

low   by  a  loop;   another  Fig.4tt, 
Q                 I  piece  of  wire  nangs  from 
this  by  a  loop,  and  its 
lower  end,  nmch  dips  a 
veiy  little  way  into  the 
mereury,  being   amalga- 
mated, it  is  preserved  from 
adhering  eitner  to  the  iron 
wireorto  theglass.  When 
even  a  feeble  voltaic  com- 
bination is  connected  with 
the  upper  and  lowerendaof 
th  ts  apparatus.and  the  pole 
ofa  magnet  is  placed  In 
contact  with  the  external 
M           end  of  the  iron  wire  M. 
the  moveable  wire  within  rapidly  ro- 
tates round  the  temporary  magnet  thus 
Tormedby  induction  at  the  moment,  and 
by  changing  either  the  connexion  or  the 

pole  of  the  magnet  in  contact  with  the 

iron,  the  direction  of  the  motion  itself  is  >  An  nppmtDi  of  (hi>  Mod  v»  uiiibkFd  bj 

changed.     This  apparatus   has    been  Mr.  bbIow  .iHtLomioii  inuitnUon.  in  is^in 

made  so  smaU  as  to  produce  ra^ud  rev*-  wo'm'wi'itii^''™  "                  *'"  ""    "^ 
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time,  by  an  awanitus  eontrived  by  Mr,  ftppealinft  to  pimue  and  be  pursued  by 
Famday,  in  which  the  cups  employed  tneotherronnd  the  circumference  of  (ha 
in  Ihe  two  first  nperimenti  are  both  circle  described  by  their  revolution, 
acted  upon  by  the  same  voltaic  battei^.    (See  /Ig.  41.) 

This  compound  apparatus  is  shown  in  (68.)  After  Ihe  diieorery  of  the  revo- 
J7^.  40.  The  cups  in  which  the  lower  lution  of  a  nia^et  round  a  conducline 
wires  proceeding  from  the  boltom  of  wire,  and  of  the  wire  round  a  maenet 
each  cup  respectively  terminate,  axe  many  attempt  were  made  to  obtain  the 
made  to  communicate  by  meana  of  rotation  of  a  magnet,  or  of  a  conductor 
wires  with  the  opposite  poles  of  a  bat-  round  Iheir  own  axes.  AmpSre  was  tha 
tety.  The  upper  wires  communicate  fint  who  accomplished  the  former  of 
by  across  wire,  supported  by  en  upright  these  objects,  which  may  be  effected  by 
pilJar  filed  in  the  middle  of  the  stand,  the  following  method ;— The  cylindrical 
The  current  of  electricity,  therefore,  will  magnet  seen  in  the  section,_/^.42,  tcrmi- 
ascend  through  the  mercury  and  wire  in  nates  at  iti  lower  extremity  in  a  sharp 
oneofthecupa,  and  descend  in  the  other, 

and  produce  at  the  same  moment  a  re-  Fig-  42, 

voWing  motion  of  the  magnet  in  the  one 
case,  and  in  the  other  case,  a  revolution 
in  the  moveable  wire.  A  cup  is  also 
placed  over  the  middle  of  the  cross  wire 
lor  the  convenience  of  sending  the  eleo- 
tric  current  in  the  same  direction  along 
both  the  wires,  by  making  it  communf 
eate  with  one  of  the  poles  of  the  vollaia 
battery,  while  the  lower  cups  both  com- 
municate with  the  other  pole.  Tlie  adop- 
tion of  this  arrangement  will  produce  t 
corresponding  change  in  the  direction 
of  one  of  the  rotations, 
i^.41. 


nthat 

containing  the  moveable  magnet,  /^.  33, 
the  wire  which  dips  into  tlie  mercury  be 
rendered  moveable,  as  in  Jig.  38,  by  a 
mode  of   suspension    adapted   to   uiat 

Surpose.  The  wire  and  the  magnet  will 
len  both  revolve  in  Ihe  same  direction 
round  a  common  centre  of  motion,  each 


steel  point,  which  rests  in  the  centre  of  a 
conical  cavity  of  agate,  in  Ihe  bottom  of 
the  vessel,  which  may  be  either  of  glass 
or  wood.  The  upper  end  of  the  magnet 
is  supported  in  a  perpendicular  position, 
by  a  thin  slip  of  wood,  passing  across 
the  upper  part  of  tite  vessel  ana  restiiw 
against  its  sides,  having  a  hole  through 
Which  the  magnet  passes  freely.  A 
piece  of  quill  is  fitted  on  the  upper  ex- 
tremity of  the  magnet,  so  as  to  form  a 
cup  or  reservoir  above  it  tor  receiving  a 
small  quantity  of  mercury.  Into  tnis 
mercury  is  inserted  the  lower  end  of 
a  wire  which  is  amalgamated,  in  order 
to  obtain  a  perfect  metallic  contact, 
while  its  upper  end  terminates  in  a  onp 
holding  a  globule  of  mercury,  for  tlie 
purpose  of  forming  a  communication 
with  one  of  the  poles  of  the  voltaic  bat- 
tery. The  vessel  being  filled  with  mer- 
cury, so  as  to  cover  the  lower  half*  of 
the  magnet,  the  galvanic  circuit  is  corn- 
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pleted  hf  metni  of  a  tludi  eopper  wire 
proceeding  from  the  bottom  of  tne  vessel, 
coming  out  through  the  side,  and  termi- 
nating in  wiother  cup  holding  a  small 
quantity  of  mercury,  hy  which  a  com- 
munication mav  be  eitablifhed  with  the 
other  pole  of  toe  battery.  Aa  soon  aa 
this  conneuon  is  effected,  the  magnet 
begins  to  revolve  round  its  axis  with 
gr^  rapidity,  the  rotation  continuing 
as  long  as  the  connexions  with  the  bat- 
tery are  preserved  and  the  battery  retains 
its  power. 

(69.)  In  the  original  expehroent  of 
Ampere,  the  m^^et  was  allowed  to 
float  without  support  in  the  mercuir, 
being  kept  in  a  vertical  position  by  a 
weight  of  platina  attached  to  its  lower 
cod.  But  this  addition  to  the  whole 
mass  to  be  moved  occasions  a  great 
diminution  of  effect,  so  that  the  appa- 
ratus above  described  gives  a  much 
greater  velocity  of  motion  with  the 
same  galvanic  power. 

(70.)  The  same  phenomenon  has  been 
exhibited  in  variouiways;  the  principle 
on  which  it  depends  is  that  the  electric 
current  should  descend  through  the 
upper  half  of  the  masnet  only,  so  as  to 
act  exclusively  on  the  pole  which  is 
situated  in  that  half,  and  attcrtfards  be 
diverted  from  the  magnet,  and  made  to 
pass  away  in  such  a  direction  as  that  it 
shall  not  aflbct  the  lower  pole  of  the 
magnet  In  the  experiment  above  re- 
lated, the  electric  current,  after  travers- 
Fig.43. 


ing  the  upper  half  of  then  _  .^ 
into  the  mercury,  and  being  diBiued 
through  it,  acts  in  no  sensible  degree 
on  the  lower  pole  of  the  magnet,  and 
does  not  interfere  with  the  rotation  pro- 
duced by  its  influence  on  the  upper  pde. 
There  are  several  drcumstancea,  how- 
ever, to  be  taken  into  account,  in  ex- 
plaining  thb  experiment,  which  cannot 
now  be  easily  rendered  intelligible,  and 
the  notice  of  which  must  be  reserved 
for  a  future  part  of  the  Treatise. 

(71.)  The  same  object  is  attained  in 
the  ftdlowing  manner,  by  an  apparatna 
represented  in  _ftg.  43,  and  in  icctioa 
in  fig.  44.  A  magnet,  pointed  at  both 
ends,  is  supported  below  by  an  agate 
cup  fixed  on  a  stem  rising  from  the 
bottom  of  the  stand ;  while  its  upper 
point  is  ligbUy  pressed  upon  by  a  sctew,' 
with  a  milled  nead,  passing  through  a 
screwed  hole  at  the  top  ot  an  arched 
beam,  which  fonns  part  of  the  sustain- 
ing frame-work  of  the  apparatus.  Near 
me  middle  of  the  magnet,  this  frame 
supports  a  stage  in  the  form  of  a  tii^, 
through  the  centre  of  which  Ihe  magnet 
passes  freely,  and  carrying  a  circular 
cistern  of  mercury,  whi(£  also  sur- 
rounds the  magnet,  without  touching 
it.  A  similar  ^em  of  mercury  sur* 
rounds  the  lower  stem,  which  supporla 
the  agate  cup.  A  copper  wire,  prmect- 
ing  into  the  interior  of  each  of  these 
cisterns,  passes  out  through  its  sidea^ 
and,  being  bent  upwards,  terminates  in 
ft  small  cup,  holding  a  litlte  mercury,  lor 
Fig.ii. 
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eftbetinic  the  communication  with  the  employ  in  its  pltce  a  hollow  cjlin^  of 
Yoltaic  Dftltery  by  wires,  in  the  usual  melal,  capable  of  receiving  the  pole  of 
manner.  A  small  wire,  pointed  and  a  magnet  in  ils  axis.  Such  an  arrange- 
amd^maled  at  its  end,  is  affixed  lo  the  ment.  which  was  devised  liy  Mr.  Barlow, 
middle  of  the  ma^et,  immediately  above  is  exhibited  by  fig.  4$,  which  repre- 
the  cistern,  and  is  bent  so  as  just  to  dip  sents  a  section  of  the  apparatus.  A 
into  the  mercury  contained  in  the  dstem.  bar  magnet  is  fixed  upt^ht  in  a  solid 
A  similar  wire,  proceeding  from  the  stand,  which  has  a  cavity  adapted  to 
lower  end  of  the  magnet,  is  made  to  dip  receive  it,  and  which  also  supports  a 
into  the  mercury  contained  in  the  bwer  circular  trough  of  mercury,  surrounding 
cistern.  The  lower  half  only  of  the  mag- 

net  being  thus  made  to  form  part  of  the  "E-  45. 

galvanic  circuit — which  is  continuous 
&om  one  cup  through  the  cistern  of 
mercury,  Ihe  wire  belon^qng  to  the 
Eoagnet,  the  mainiet  itself,  Ihe  other 
wire,  Ihe  other  cistern  of  mercury,  and 
the  wir«  terminating  in  the  other  cup — 
recdves  the  exclusive  influence  of  the 
electric  current  which  passes  through 
it,  and  begins  to  rotate  with  considerable 
velowtv  round  the  axis,  which  is  con- 
Btitutea  by  its  upper  and  lower  pointi 
of  support.  The  degree  of  rotatory 
cflM  will  depend  very  much  on  the 
delicai^  of  the  suspension  of  Ihe  mag- 
net, ao  that  the  friction  at  the  points 
may  be  as  small  as  possible. 

(73.)  When  the  magnet  is  large,  it  haa 
been  proposed  to  ^n  additiimal  rota* 
tory  piower  by  directing  another  electri- 
cal current  to  be  supplied  fhim  a  second 
battery  alon|[  the  upper  half  of  the 
magnet,  but  in  a  direction  contrary  to 
that  which  passes  throueh  the  lower 

Kle.  This  might  certajnly  be  efi'ected 
removing  the  milled  head  of  the  ver-  the  magnet  aa  in  Ihe  former  instaiicea. 
lical  screw,  and  supplying  its  place  by  a  G  C  is  a  light  hollow  copper  cylinder, 
small  cup  to  hold  mercury,  and  by  care-  the  lower  edce  of  which  oipa  into  the 
fully  amajgamating  the  lower  end  of  the  mercury  in  the  trough;  and  the  upper 
screw  where  it  touches  the  magnet.  But  part  is  aupported  hyanarch  of  the  sama 
since  the  rotatory  force  is  proportional  tft  metal,  from  the  middle  of  which  there 
the  power  of  the  voltaic  battery  used,  it  [flvceeds  a  steel-pointed  wire,  pasring 
is  very  doubtful  whether  the  second  downwards  so  as  to  rest  in  an  agate 
battery  required  in  this  latter  method  cup  fixed  to  the  top  of  the  magnet,  and 
might  not  be  eijually  efficacious  if  it  also  passing  upwards  and  terminating 
wer«  employed  in  mcreasing  the  strength  in  a  smalt  cup  P,  holding  a  Ultle  mer- 
of  the  first  battery,  by  bemK  joined  to  cury,  for  the  purpose  of  effecting  a 
it,  in  the  former  mode  of  cor^ucting  the  communication  with  the  voltaic  battery, 
experiment  A  wire  proceeds  from  the  inside  of  tha 

(73.)  Uavbg  thus  succeeded  in  mak-  trough,andpaisingDut,  is  bent  upwards, 
ingthe  magnet  revolve  on  its  own  axis,  so  as  to  terminate  in  another  cup  with 
it  next  became  an  object  to  effect,  in  mercury  N,  for  establishing  the  con- 
Uke  manner,  the  rotation  of  a  conduct-  nexionwith  Iheother  pole  of  the  battery, 
ing  body  round  its  axis.  As  in  the  for-  It  is  evident  that,  in  this  arrangement, 
mer  ease  it  was  necessary  to  apply  the  the  electric  current,  which  we  may  sup- 
eleclric  agency  in  the  interior  of  the  pose  to  descend  from  (he  positive  wire 
magnet,  so  in  the  present  instance  some  of  the  battery  introduced  into  the  cup 
means  were  to  t>e  devised  for  procuring  P,  being  prevented  frompasiine;  into  Ihe 
the  action  of  the  magnet  from  the  in-  magnet  t^  the  interposition  of  Ihe  agate 
terior  of  the  conducting  body :  hence  it  cup,  can  find  no  olher  channel  than  the 
wai  neoeaaary  to  diacatd  the  wire,  and   copper  cyUnder,  down  the  ndea  of  which 
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it  nil)  deicend  into  the  mercury  in  the  ported  vcHlcalljr  in  &  st&nd,  u  sbMtl  id 
trough,  and  thence,  passing  out  t>y  the  JSgAQ.  Too  nooden  circular  trought  are 
wire  belon,  will  proceed  througn  the  fixed  upon  the  arms  of  the  mi^net, 
cup  N.and  bereceived  by  the  wirecom-  and  secured  b^  binding  sereirs.  I^e** 
municatine  TiLlh  Ihe  netrative  end  of  the  troughs  contain  the  mercury  into  nhich 
batlerv.  The  cylinder  may  therefore  be  the  lower  margins  oflhe  hollow  cjlin- 
regarded  as  consisting  of  n  collection  of    ders  dip.    The  upper  part  of  each  cylin- 

Sarallel  wires,  each  of  which  receives  der  is  formed  into  a  hemispherical  mp, 
'om  the  pole  of  the  magnet  placed  in  which  is  traversed  in  the  middle  by  a 
the  interior  an  impulse  to  move  in  a  pointed  wire,  resting  t>elow  in  a  small 
direction  parallel  to  itself.  carity  in  the  centre  of  the  extremity  o( 

Those  on  opposite  sides  of  the  mac;-  the  magnet  contained  within  the  cylin- 
net  will  be  urged  to  move  in  opposite  der,  and  having  it  its  upper  end  ■  small 
(tirections;  but  as  their  forces  act  on  cup  to  hold  mercury.  Two  other  cups, 
opposite  sides  of  the  axis  of  motion,  they  also  containing  a  rtdeU  quantity  ot 
will  all  concur  in  their  rotatory  efiect.  mercury,  are  supported  upon  the  exter- 
The  whole  cylinder  is  accordingly  found  n^  ends  of  tient  wires,  which  pass 
lu  commence  revolving  a*  soon  as  the  through  the  sides  of  the  circular  troughs 
.  into  the  mercury  contained  in  them. 

Fig.  46  •.  Thus  a  continuous  metallic  communica- 

—  tion  is  established  from  one  cup  to  the 

other,  on  each  side,  through  each  cjhn- 
der  which  surrounds  Ihe  difTerenl  poles 
of  the  magnet  If  a  stream  of  electri- 
city  from  a  voltaic  battery  be  made  to 
pass  in  the  same  direction  in  both  the 
cylinders,  they  vrill  revolve  in  contrary 
directions,  being  acted  upon  in  an  op- 
posite manner  Dy  the  two  poles  which 
they  surround.  But  if  the  two  upper 
cups  bs  nniled  by  a  short  wire  dipping 
its  two  ends  in  the  mercury  they  contain, 
and  the  tower  cups  Ix  connected,  the 
one  with  the  positive,  and  the  other 
with  the  negative  poles  of  tite  batlefy, 
the  same  stream  wUl  trttverss  iKrih  sidei 
of  the  apparatus,  passing  upwards  in 
one  cylinder,  and  downwards  in  Ihe 
other ;  and  the  rotations  thence  arising 
will  now,  from  the  contruy  influeneei  of 
Ihe  two  poles,  be  in  the  same  direction 
in  both  the  cylinden. 

(75.)  The  rotation  of  a  conduetiiw 
body  round  its  own  axis,  as  exhibit^ 
electric  current  is  sent  through  it ;  and  j"  "^^  experiments  just  related  (f  73), 
the  resistance  it  meets  with  being  slighl,  throws  considerable  light  upon  the  co- 
ils velocity  soon  becomes  very  consider-  C'lmsfances  of  the  experiment  before 
able.  After  what  has  formerly  been  descnbea.  «>  ""'ch  a  magnet  was  made 
said,  it  is  scarcely  necessary  io  add,  that  •"  ■""'■tB  »'«'"*  ''»  ""  i  fo'  the  expta- 
the  course  of  Its  motion  is  from  left  to  "^t'""  °'  that  experiment  wUl  verymuch 
right,  or  Ihe  same  with  that  of  the  hands  ^l^P*"^  "PO"  'he  course  which  we  sup-, 
of  a  watch,  when  the  electric  current  is  P"?  t?l'en  by  the  electncal  eurwtit 
descending  along  the  cylinder,  and  when  junng  ''«  passage  through  the  magnet, 
the  enclosed  part  of  the  magnet  U  iU  "  "«  supposed  it  to  pass  through  the 
north  pole.  intenor  of  the  magnet,  that  u  along  Ibe 

(74.)  The  motion  is  reversed  when  "'*•  ™^  P*i^»  adjacent  to  it,  it  wouU 
either  of  these  conditions  ii  reversed,  occasion  rotation  by  its  infiuence  on  the 
This  may  be  conveniently  exemplified  P^^"  "f  the  magnet  that  are  ntiMtcd 
in  the  two  poles  of  the  same  magnet  by  ^^"^  .*o  '^e  surface,  and  further  from 
employing  a  horse-shoe  magnet,  sup-    ^^   *'"*■     ^"   ">*   ""•"  hand,   if  W8 

^ __^     suppose  the  course  of  the  electric  Var- 

•  s«Mi,WMUa-.aV(ici>,|.7i.  rent  to  be  nearly  niperficialtlbm  it  will 
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ilsdl  be  inflaenced  by  the  polarily  of 
those  portions  of  the  magnet  which 
lie  near  the  axis,  and  the  rotatory  ten- 
dency impressed  upon  it  will  produce 
the  rotation  of  the  magnet,  which  will, 
of  course,  be  carried  alon^  with  it.  On 
the  latter  supposition,  it  will  correspond, 
in  all  its  circumstances,  with  the  experi- 
ment f  73,  in  which  the  conducting 
body  is  urged  to  rotate  by  the  influence 
of  a  magnetic  pole  situated  within  il : 
excepting  only,  that  in  the  former  case 
tlie  magnet  and  the  conducting  body 
were  one  and  the  game,  while  in  the 
latter  they  were  ditferent  and  separate. 
Mr.  Faraday  has  shown,  however,  that 
.the  circumstance  of  tlie  magnet  and 
conductor  being  immoveabiy  joined  to- 
gether makes  no  difference  in  the  results. 
Thus  let  the  magnet  M,  represented  in 
section.  Jig.  4T,  De  loaded  at  its  lower 


municotionB  with  a  Toltsie  battery  by 
means  of  the  two  cups  containing  mer- 
cury. This  experiment  is  important, 
inasmuch  as  il  appears  to  show  that  the 
action  is  the  same,  whether  the  magnet 
from  which  it  proceeds  be  in  motion  or 
at  rest.  We  shall  have  occasion,  how- 
ever, in  A  future  part  of  this  treatise,  to 
point  out  another  mode  of  explanation 
arising  out  of  a  different  view  of  the 
subject. 

(77.)  On  the  other  hand,  when  a  hollow 
cylinder  of  metal,  tNtlanced  on  a  point 
on  the  upper  end  of  a  vertical  axis  of 
wood,  and  its  lower  edge  dipping  into  a 
trough  of  mercury,  is  acted  upon  by  one 
of  the  poles  of  a  magnet  placed  on  the 
outside,  and  brought  near  it,  as  shown 
in  the  section  jff.  48,  where  M  is  the 
magnet  applied  to  the  cylinder  0,  ba- 
lanced in  the  wooden  stand  S,  the  rota- 
tory force  is  very  feeble,  compared  with 
that  which  takes  place  when  the  niag- 

Plg.  48. 


along  its  two  vertical  edges,  arid  termi- 
nating below  in  points:  go  that  the 
whole  may  float,  in  a  vertical  position, 
in  a  vcsBel  full  of  mercury,  from  the  bot- 
tom of  which  a  wire  proceeds,  support- 
ing the  cup  N  ;  another  cup,  P,  being 
placed  upon  the  upper  edge  of  the  wires 
W  W.  The  whole  roovealJe  part  of 
tliis  apparatus  will  rotate  by  the  trans- 
mission of  an  electric  current  through 
the  wires,  on  making  the  proper  com- 


net  acts  from  within  the  cylinder.  The 
reason  is,  that  the  tendencies  to  mvlion 
of  those  portions  of  the  moveable  con. 
ductor  which  are  most  remote  from  the 
magnet,  and  of  Ihoae  which  are  nearest 
to  it,  are  in  opposite  directions  with  re- 
spect to  the  centre  of  motion;  and.  if 
the  conductor  be  cylindrical,  and  the 
current  equally  distributed  on  every 
side  of  it,  must  always  exactly  coun- 
terbalance one  another.  This  will  bo 
evident  when  it  is  considered  that, 
although  these  latter  portions  are,  in 
consequence  of  their  greater  proximity  to 
the  magnet,  acted  upon  more  strongly, 
this  advantage  is  ciimpensated  by  the 
greater  extent  of  the  portion  on  the  re- 
rnnle  side,  which  is  acted  upon  more 
feebly.  But  this  equilibridm  will  not 
"'■'-"■  "■  -1  generally  happens,  the  elec- 
"      ■   ■     JUted. 


nK,iz=..,CtX)c^[c 
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(78.)  It  appon,  b;  fhc  reiult  of  the  ported  by  an  arched  wve.  A,  havini;  k 
experiment  related  in  j  73,  that  Ihe  steel  point  proceeding  downward!  from 
electro-magnetic  influence  of  the  con-  the  middle  of  its  curvature,  is  introduced 
ductor  takes  place  equally  when  the  between  Itie  two  plates  of  the  double 
current  of  electricity  i«  diffused  over  a  copper  cylinder,  to  ttiat  the  sted  point 
coniiderable  lurface,  a*  when  it  ii  con- 

centrated  in  a  slender  wire.     The  effects  -"ff-  *'• 

will,  of  course.  \x  weaker  in  proportion 
as  il  13  diffused ;  but  when  the  whole  of 
these  scattered  forces  can  be  tirought  to 
bear  in  the  production  of  any  effect,  the 
■mount  will  be  the  same  as  when  theyare 
concentrated  in  a  smaller  space.  Thus 
every  filament  of  which  the  cylinders  in 

these  experiments  may  be  supposed  to  c 

be  resolved,  conducts  itt  respective  pwr- 
tion  of  the  electric  current,  and  con- 
tributes ils  sliaie  in  the  production  of 
one  common  effect,  namely,  the  revolu- 
tion of  the  cylinder. 

Tn  like  manner  it  has  been  found  that 
the  stream  of  electricity,  which  is  pass- 
ing through  the  voltaic  battery  itself 
from  itf  negative  to  its  positive  pole, 
erhibits  the  aame  electro-magnetic  pro- 
perties that  it  does  while  passint;  along 
the  wire  which  completes  the  circuit  by 
connectinf  the  two  poles;  for  a  maf;- 
netic  needle  placed  in  the  vicinity  of  the 

batteiT,  and  in  circumstances  equally  may  rest  upon  tha  arched  plale  of  the 
bvourable  to  the  action  of  the  current,  inner  cylinder,  and  remun  balanced  in 
will  be  affected  in  (he  same  way  as  it  this  poailion.  On  introducing  diluted 
is  bvthe  wire  itself.  Now  as  all  action  acid  into  the  copper  vessel,  a  galvanic 
implies  a  corresponding  and  equal  re-  action  immediately  oommcnees  ;  the 
action,  it  is  reasonable  to  infer  that,  as  electric  current  paasing  from  the  tine  to 
the  balteiy  produces  motion  in  the  mag-  the  acid,  and  ascending  from  the  copper 
net,  so  the  magnet  might  be  made  to  through  the  pivot  back  anin  to  the 
movethebattery,  if  a  sufficientlv  delicate  mc.  Hence  the  sine  is  in  Qw  situation 
■uspeniion  could  be  contriver  for  the  of  a  conductor  conveying  a  stream  of 
latter,  so  as  to  render  its  motion  sensi-  electricity  downwards,  and  under  the 
ble.  This  could  scarcely  be  effected  influence  of  the  magnetic  pole  whidi  it 
with  a  compound  batteiy  of  any  siie :  surrounds.  It  will  conse<]uently  revolve 
but  by  reducing  it  to  a  single  plate,  with  an  accelerated  motion,  which  is  at 
making  it  as  light  as  possible,  and  sup-  length  rendered  uniform  l)y  the  friction 
porting  it  on  a  single  point,  in  the  way    of  the  fluid. 

in  which  the  cylinder  was  sustained  in  Mr.  Barlow  stales  that  he  has  fre- 
thelsst  experiment,  this  object  has  been  quently,  with  this  simple  apnaratu*, 
accomplished  by  Ampere.  produced  a  velocity  of  one  hundred  and 

(79.J  The  apparatus  he  employed  for  twenty  revolutions  in  a  minute. 
this  purpose  is  represented  in  section,  in  (80.)  Thetheoryjustenplainedispret- 
jig,  49.  It  consists  of  a  double  cylinder  tily  illustrated  by  an  addition  lo  ttie  pre- 
o?  copper,  C  C,  about  two  inches  and  a  ceding  apparatus  which  was  mtde  by 
half  in  diameter,  and  the  same  in  height,  Mr.  J.  Marsh;  and  which  consists  in 
closed  at  the  bottom,  so  as  to  form  a  having  a  second  sleel  point  fixed  under- 
vessel  capable  of  holding  diluted  acid,  neath  the  upper  part  of  the  arch  which 
The  whole  is  supported  by  an  arched  sustains  the  copper  cylinder:  thecopper 
plate  of  metal,  which  [usses  across  the  vessel  may.  by  means  of  this  point,  be 
Upper  orifice  of  the  inner  cylinder  on  itselfbaiancedon  the  top  of  the  magnet, 
the  upper  end  of  a  strong  magnet,  M,  while  the  sine  cylindrical  plale  is  ba- 
whtch  IB  introduced  through  the  middle  lanced  on  the  former;  and  each  msy 
of  the  cylinder.  A  cylinder  of  xinc,  thus  lumround  ils  own  centre  indepen- 
Z  Z,  made  as  light  as  possiUe,  and  sup-    dently  of  the  other>    Tb^  arranMnort 


U  reprMeated  in  the  tecfion  « 
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Uie    Uiey  will,  on  the  other  hand,  conspin- 


wmnor  n.i^yt«.  _u".    TT  ■""■'  ,'" ,  ""    .""J  "'"'  ""  "I"  "'"BT  nana,  conspin 
w^per  cylinder,  while  It  descendi  along    in  producing  the  «&me  effect  upon  a 
tx     .«  the  line  the  former    wire  placed  Ijet ween  them.    Thus  each 

rtg.  Sff.  will   be    urged   by 

the  magnet  in  iti  J^.  h, 
interior,  to  revolve 
in  a  direction  con- 
trary to  the  motion 
of  Uie  line  cylin- 
der. The  velocity 
of  Ihe  copper  veisel 
IS,  however,  much 
smailer  (ban  that 
of  the  line,  not 
onij'fromitsgreater 
weight,  and  from 
carrying  beaides  the 
ivhole  quantity  of 
acid,  but  alui  from 
the  friction  of  its 
Spivot  being  in- 
creued  bv  the 
weight  of  the  zinc 
plate  which  that  pi- 
vot has  to  aupport. 
In  thii  double  re- 
volution, also,  Ihe 
velocity  of  the  zinc  plate  is  further  re- 
tarded bjr  the  increased  resistance  it 
meels  with  from  the  fluid  vrhich  ii 
moving  in  a  contrary  direction. 
(Bl.)  Mr.Watkinshai  applied  an  ap-  of  (he  conducting  wires  pn  i/n'  &# 
'"  ""^  «f.h-~i«.    S2.  S3,  in  which  the  elitric  current  i« 


Fig.i2. 


paratui  of  this  kind  to  each  of  the  pok. 
of  a  horse-shoe  magnet,  firmly  fixed  in 
amelalstandat  its  bent  part,  as  shewn 
in^,  31.  Tbe  upper  ends  of  the  mag- 
net are  furnished  with  agate  cups  for 
receiving  the  steel  points  on  which  the 
apparatus  is  lupporled.  The  wire  it- 
self traverses  the  arch  affixed  to  the 
copper  vessel,  and  terniinates  in  a  point 
at  its  upper  extremity  also,  so  that  the 
arch  connected  with  the  line  plaie  rests 
upon  iL  When  the  apparatus  is  brought 
into  action  by  charging  the  vessels  with 
acid,  the  four  cylinder!  are  seen  lo  re- 
volve on  their  axes,  the  Iwo  copper 
vessels  turning  in  opposite  direct  ionn,  and 
the  two  line  cylinders  turning  in  direc- 
tions opposite  to  these,  and  of  course 
alio  contrary  to  each  other:  the  rapidity 
of  their  revolutions  depending  on  the 
power  of  the  magnet,  on  the  ttrenglh  of 
the  diluted  acid,  and  on  the  delicacy  of 
their  suspension. 

(BS.)  Horse-ihoe  magnets  may  also 
be  conveniently  emp1oy«i  for  combin- 
ing the  effects  of  both  poles  in  giving  descending  from  p  to  »,  when  placed 
motion  to  a  conductiog  vrire.  The  between  the  magnetic  poles  N  and  8. 
opmtloa  of  tha  two  poln  bsog  in  oon*    Uu  former  being  nwth,  ttai  the  latttr 
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■outb,  and  wlucli,  tsr  the  nkt  of  illua- 
trttion,  we  taay  conceive  to  be  insulaled, 
will  be  urg^  by  their  united  influence 
to  oioTe  parallel  to  itself,  in  the  direction 
denoted  by  the  arrows  a,  a,  inthefi^ure^; 
that  is,  from  right  to  left,  it  the  north 

Eole  be  behind,  and  the  south  pole 
efbre,  as  in  fig.  92 ;  and  from  lea  to 
right,  if  the  poles  are  in  K  contrary  posi- 
tion, a«in;If.  S3. 

(S3.)  Several  amusine  experiments 
have  been  contrived,  in  wnich  vibratory 
or  rotatory  motions  of  different  kinds 
are  obtuined  by  various  applications  of 
this  piinciple. 

The  roUowtng  is  the  inrention  of  Mr. 
Marsh.     A  conducting  platina  nire  W, 
Jig.  54,  is  suspended  by  a  loop  from  a 
Fig.  54. 


pcsilion  of  the  polea,  and  the  dimtioa 
of  the  current  In  either  oaia  it  it 
thrown  out  of  the  mercury  j  aud  the 
circuit  being  thua  broken,  the  efitct 
ooLses,  until  the  wire  falls  back  again 
by  it*  own  weight  into  the  mercury ; 
when  the  current  being  ic-eatHMiihed, 
the  same  influence  is  sgain  exerted, 
the  phenomenon  is  rep^ed,  and  tbe 
wire  eiihibita  a  quick  succeuioB  of  ji' 
bratoiy  motions. 

(S4.>  This  reciprocating  movemcnl  of 
the.  wire  may  be  converted  Into  one  of 
rotation,  by  adapting,  as  pvooeed  by 
Mr.  Barlow,  a  spur-wheel,  as  shewn  in 
Jig.  Si,  to  the  lower  part  ot  the  upright 
wire,  which  must  ihen  be  firmly  fixed 
to  the  arm  of  the  pillar.  The  wheel, 
being  oonatructed  so  as  to  turn  round 
intiy,  will  revolve  with  peiX  ruidity 
at  soon  as  the  contacts  are  maile  wiih  the 
battery  :  for  this  purpose,  however,  the 
wheel  must  dip  so  far  into  the  mercury, 
aa  that  each  of  the  rays  shall  touch  the 
surface  before  the  preceding  ny  has 
quitted  the  mercu^.  Tbe  (mwtwn  of 
toe  motion  depends,  of  course,  on  the 
aame  circumstances  aj  were  befora  men- 
tioned :  Mr.  Barlow  observes,  honeva, 
that  in  general  the  experiment  succeeds 
best  when  Ihe  wheel  revotTet  inwards. 

Fig.ii. 


metallic  hook  at  the  lower  end  of  ano- 
ther wira,  which  is  fixed  to  the  end  of 
tlie  arm  of  a  stand ;  and  which  tupporis 
above  the  small  cup  P,  to  contain  mer- 
cury. The  lower  end  of  Ihe  platina 
wire,  which  thus  hanga  fireely,  dips  into 
a  amall  cisleni  of  mercury,  Q,  formed 
oulof  thewoodenbate,  and  ia  just  mid- 
way between  the  two  poles  of  a  horse- 
shoe magnot,  U,  laid  fiat  upon  Qie  aame 
base. 

Tbe  mercury  in  the  trough  is  placed 
in  electrical  continuity  with  another  cup, 
N,  b^  means  of  a  wire  passing  out  from 
the  side,  and  supporting  the  cup.  On 
making  a  communication  vcith  the  two 
ends  of  the  voltaic  battery  by  means 
of  these  cups,  the  current  passing  along 
the  loose  plalma  wire,  being  influ- 
enced by  the  magnet,  ureea  the  wire 
either  forwarda  towards  Q,  or  back- 
ward! ^towards   M.  accor^nj;  to  the 


(85.)  But  it  is  not  necessary  to  divide 
the  wheel  into  rays  in  order  to  produce 

the  effect  above  described ;  for  a  cir- 
cular metallic  disc  substituted  fbr  the 
spur-wheel  will  revolve  equally  wdl, 
whun  it  is  traversed  by  an  etectrical 
cuirent  passing  into  mercury  between 
the  poles  of  a  hfjrBMioe,^ifgi^ . ,  i'or 
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thii  purpose  the  circumference  of  the    en^gelic,  nothing  morewiU  be  required 
disc  ahouid  merely  touch  the  mercury  in    thnn  a  single  pair  of  plales.    The  most 


the  trouRh.  It  ia  necessary  also  that  it  convenient  form  of  abatle:y  oflhia  kind, 
be  well. amalgamated;  Ihia  is  best  done  is  that  described  by_ Mr.  Waiki—  ---" 
by  removing  it  from  its  centres,  and    which  isrepresented  inyfg'.57._ 


cleansing  the  edge  thoroughly  by  a  file,  11  consists  of  a  double  cyUiidrical  vessel 

and  then  dipping  a  piece  of  wire  into  made  of  thin  copper,  with  a  bottom  of 

nitrate  of  mercury,  and  taking  up  with  the  same  metal    A  plate  ofzinc  rolled 

it  a  portion  of  the  mercury  contamed  in  into  a  cylinder,  of  a  diameter  intenne- 

the  nitrate,  traniferring  it  to  the  edge  of  diate  between  those  of  (he  copper  cylin- 

the  disc,  by  rubbing  the  wire,  coated  der,  is  introduced  between  Ihem,  but 

with  mercury,  r<nmd  it     TTiis  substi-  prevented  from  touching  Ihem  in  any 

tution  of  a  continuous  for  a  divided  duo  part,  by  three  wooden  feet  placed  at  the 

was  sugirested  by  Mr.  Stiu^feoo.  bottom  of  the  vessel,  and  also  by  pieces 

(86.)  The  same  current  may  be  em-  of  wood  ioterposed  as  wedges  between 

ployed  to  turn  two  wheels  with  radii,  by  the  sides. 

disposing  them  in  the  manner  shewn  in  Acopperwireissolderedtotheinaideof 

flg.56,  attheeitremilieaofahoriiontal  thetopof  the  outer  copper  cylinder,  and 
wire  which  is  supported  on  two  pillars 

arising  from  the  stand,  and  which  serve  Pig-  S7> 
n  the  common  uis  of  the  vrbeels. 


Pig.si: 


The  lower  ends  of  the  rays  dip  into 
troughs  of  mercury,  each  lying  between 
the  poles  of  horse-shoe  magnet*.  Each 
trough  has  its  respective  wire  and  cup 
P  and  N  for  making  communications 
with  the  voltaic  battery.  The  current 
passing  from  the  one  cup  to  the  mercury 
m  the  trough  on  the  same  side,  rises 
alon^  the  radius,  which  dips  into  it,  and 
passing   along  the   axis,  arrives  at  the 

other  wheel ;  then  descending  along  its  has  aamall  cup  P,  fixed  at  its  extretnify; 

radius  into  the  mercury,  it  makes  its  (he  wire  passing  through  the  bottom  of 

exit  by  the  cup  on  that  side.    The  elec-  the  cup  in  order  to  come  in  contact 

trie  currents,  moving  m  opposite  direc-  with  the  mercury  placed  in  it    Another 

tkins  in  the  two  wheels,  require  a  con-  gnj  similar  wire  N,  is  also  affixed  to 

trary  disposition  of  the  poles  of  the  two  the  upper  edife  of  the  zinc  cylinder. 

magnets  by  which  they  are  !o  be  acted  lihemise  terminating  in  a  cup  which 

.  upon ;  that  is,  the  poles  of  the  two  mag-  hold,  mercury.    The  battery  is  charged 

nets  that  are  within  the  wheels  must  by  fining  the  copper  vessel  with  diluted 

both  be  of  the  same  kind ;  as  must  also  ^id ;  and  the  electric  current,  which  is 

be  those  that  are  exterior  to  them.   The  jhe  efifect  of  the  voltaic  action  thence 

velocity  of  the  wheels  thus  revolving  by  arising,  may  be  easQy  transmitted  to 

the  united  action  of  both  magnets  is  the  apparatus  where  it  is  wanted,  by 

very  great.  means  of  two  bent  copper  conducting 

(86,)  Theexperiments  on  electro-mag-  wi«s,  one  end  of  the  one  being  inserted 

netio  rotation  we  have  described,  do  not  into  the  mercury  contained  in  the  cup 

require  for  their  successful  performance  proceeding  from  the  line  cylinder,  and 

a  voltaic  battery  of  any  considerable  siie  the  other  in  the  cup  fixed  to  the  copper 

orpower.    If  the  magnets  be  sufficiently  cylinder;  while  the  other  ends  are  im- 

mersed  in  the  mercury  placed  in  the 

^■^rruT.'^iSl^'^taXuld'l^  cu^  attached  to  the  apparatus,    pe 

b(»piKtdHtuoii«inS|.u.  current  may  be  arrested  or  renewed  at, 

■ooglc 
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fay  removing  one  end  erf  (89.)  Sir  Humphry  Daiy  found  that 
either  connecdng  wire  from  ili  cup,  or  the  arched  itream  of  electrical  li^ht 
1^  replacing  it  The  direclion  of  the  which  extends  between  two  points  of 
current  may  alio  be  readily  changed,  by  charcoal  that  are  placed  in  the  vollaio 
merely  excnangiiu;  the  situation  of  the  eireuit,  as  deicritied  in  the  Treatise  on 
wires  in  two  of  the  cupi.  Ttie  extre-  Gu.rainsii,  $27,  if  thrown  iulo  a  rapid 
millei  of  the  connectiog  wires  should  rotatory  motion  by  (he  action  of  the  i>ole 
be  made  perfectly  biiEhl,  and  the  ends  of  a  magnet  placed  near  it*, 
of  the    wire  armi  which  tuj^xMrt  the 

cups  and   enter  the  mercury   in  them,  Cbaptik  VII. 

ou^ht  alsoto  be  in  a  .imUar  itite.  w  Cancenirati^  qf  EffecU. 

that  a  perfect  metallic  contact  may  be  -j    ji 

preserved  ("•■)  "e  have  dready  seen,  $  82,  that 

(87.)  In  making  electro-magnetic  ex-  "•»«"  *  conducting  wire  ts  placed  be- 
perimenti.  where  numerous  repetitions  *"««>  "**  contrary  poles  of  a  magnet,  it 
of  contacts  between  wires  are  often  re-  receives  a  similar  influence  from  these 
quired,  it  is  extremely  useful,  if  these  poles,aodi»u^(Bdtomoveinoneparlicu- 
wires  are  of  copper,  to  rub  the  ends  '"■  direction  by  the  united  force  of  bolli. 
over  wilh  a  lilUe  nitrate  of  meicuiy ;  an  *  siniilai  combination  of  powers  »ill 
amalgam  is  thus  formed  on  the  surface  «»of  "he»  "le  pole  of  a  maent-t  is 
of  the  copper,  which  does  not  oxidate  or  pl"«»*  between  two  parallel  eondiicUng 
become  dirty,  as  copper  itself  does,  but  ""«■  "»  "Q'^h  the  eieclnc  currents  nre 
remains  brij^ht,  and  fit  for  voltaic  con-  ™0' 
tact  tor  a  considerable  length  of  time.  "'^ 
For  this  useful  manipulation  we  are  in-  ev_  io 

debted  to  Mr.  Faraday.  "*' 

(B8.)  The  movement  of  currents  by 
the  influence  of  the  pole  of  a  maj^^ 
may  be  exemplified  in  fluid  as  welt  as 
in  solid  conductors.  Thus  mercury, 
while  conducting  a  current  of  electricity, 
is  made  to  exhibit  these  motions  with  „,^ 

the  greatest  facility.  By  immersing  the 
points  of  the  positive  and  negative  wires  f 

into  a  shaUow  basin  containing  mercury, 
a  magnet  held  either  above  or  l)elow 
the  line  of  communication  wilt  cause 
the  mercury  to  revolve  round  Ihe  points 
from  which  the  currents  diverge.  This 
motion  may  be  rendered  more  evident 
by  covering  the  mercury  with  a  very  di- 
lute acid  solution,  which  occasions  the 

disengagement  of  bubbles  of  air  which  dipping  needle,  be  placed  betvteen  Ihe 
are  moved  along  with  the  mercury.  The  two  v«ires  W.  w.  in  the  fomier  of  which 
same  phenomenon  may  also  be  exhibited  the  currant  is  ascendinK,  and  in  the  lat- 
in the  following  manner.  If  the  positive  ter  descending,  the  north  pole  of  the 
wire  terminate  m  a  steel  point  which  is  needle  will  be  urged  in  the  same  direc- 
dippedinto  merciuyconlamed  inashal-  lion,  denoted  by  the  arrow  a,  by  bolh 
li>w  basin,  so  as  to  convey  into  it  an  the  wires,  in  a  plane  parallel  to  the 
electric  current,  which,  passing  in  radi-  wiras,  and  at  right  angles  to  the  plane 
ating  lines  through  the  mercury,  is  re-  in  whidi  they  are  both  situated.  The 
ceired  by  a  copper  ring  surrounding  the  south  pole  will  also  be  urged  in  the  oon- 
steel  point,  and  so  tranterred  to  the  ne-  tra™  direction  hf  both  wir«s  ;  and  the 
galive  pole,— by  placing  the  pole  of  a  needle  will,  Iqr  (he  combination  of  these 
strong  magnet  underneath  the  basin  forces,  have  a  strong  tendency  to  turn 
immediately    below    the    steel-poinled    upon  its  centre. 

wire,  the  mercury  will  be  seen  to  revolve  (si.)  If  the  wires  be  joined  together 
rapidly  in  a  vortex  round  the  point  from  at  either  end,  or,  what  oomes  to  the 
which  the  currents  diverge.  The  revo-  same  thing,  if  a  continuous  wire  be  bent 
lulion   IS   m   the  contrary  direction,   if   back   upon   itself,   an   eleetric   current 

either  the  direction   of  the  current  be 

reversed,   or   the   opposite  pole  of  Uw       •>'Ut*KvUgd  Tt»aiMa«itMlULp.a7. 
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sent  throi^h  tuch  a  wire  will  »tfect  a  passe*  through  A  B.  and  comprehendi 

needle  placed  between  its  Iwo  branches  the  two  wires.    Suppoaini[  the  viirea  to 

with  twice  (he  force  that  a  single  wire  be  of  indefinile  length ;  "the  law  of  ac- 
would  haTe  exerted.  This  efftet  may  be  tion  ia  such,  that  Ihe  intensity  of  the 
exhibited  by  the  following  simple  appa-  tangential  force  exerted  on  (he  pole  P 
ratus,  represented  in  Jig.  SS  ;  where  the  by  the  wire  A,  is  inversely  as  the  din- 
two  cups  terminating  the  bent  wire  tance  A  P,  which  we  shall  call  a,  and  ii 
W  A»B  which  passes  above  and  be-  "  " 


Fig.  59. 


'i 


T 


1  the  direction  P  (J,  perpendicular  to 
A  P.  In  like  manncT,  the  wire  8  exerts 
upon  the  pole  P,  a  force  in  the  direction 
of  P  S,  and  which,  on  the  supposition  of 
an  equal  intensity  in  the  two  currents, 
is  equal  to  the  former  force.  If  these 
two  forces  lie  represented  by  the  lines 
P  g  and  P  S,  which  we  shall  caU  q  and 
I,  the  resultant  force  will  be  represented 
by  the  diagonal  P  R  of  the  parallelo- 
frram,  having  P  Q  and  PS  for  its  sides. 
Calling  PR,  r,  and  AB,.>,  we  have 
this  proportion. 


,    that  is 
but,ii 


different  positions  of  P  along  Ihe 
"         ■"  ■    /erselyas  a;  and 


low  a  magnetic  needle  balanced  o 
point,  enable  iis  to  transmit  through  it 
an  electric  current  in  any  direction  we 
please.  This  current,  moving  in  opposite 
directions  in  the  upper  and  lower  hori-  . 

zontal  portions  o(  the  wire,  will  con-  lino  C  R,  g  will  vary  ir 

spire,  in  both  cases,  to  deflect  it  from  .,      ,  .,, .  t       ,.   ,    -      .. 

its  natural  position  in  the  same  diree-  the^fOTe  »■  will  be  as  — ;  that  is,    the 
tion,  and  to  bring  it  into  a   position 

nearer  to  a  right  angle  to  the  plane  of  f<"^o  °f  "'n'ch  the  pole  P  is  urged  in 

(he  wires.  fiB  direction  of  the  line  C  R,  by  the  con- 

(93.)  The  force  with  which  each  pole  Joined  action  of  the  two  wires  A  and  B. 

is  impelled  in  a  line  at  right  angles  to  varies,  in  different  situations  in  that  line, 

theplaneinwhichthewiresaresituated,  inversely  as  the  square  of  its  distance 

is  directly  as  the  intensity  of  the  cur-  ^«"n  e''™"^  of  the  wires,  and  directly  as 

rent,  (supposing  it  to  be  equal  in  both  the  length  of  the  interval  between  the 

wirei,)  and  directly  as  the  lenstth  of  the  '■I'es. 

interval  between  the  wires,  and  also  in-         (93.)  In  order  to  estimate  the  rota- 

versely  as  the  square  of  the  distance  of  tory  foree  exerted  on  a  needle  constrained 

the  pole  from  the  wires.     This  will  ap-  to  move  round  a  fixed  axis  in  a  plane 

pear  from  the  following  considerations,  perpendicular  to  that  of  the  wires,  as  in 

Let  A  and  B  represent  the  sections  ">«  examples  above  given.  ^  90.  91 ;  it 

of  two  wires    pasnng  perpendicularly  "'H  •*  necessary  to  resolve  the  force 

through  the  plane  of  the  figure,  C  being  "'"ve  found  into  one  acting  ir  •'•-  ■*• 
rection  of  the  tangent  t"  """ 


Fig.  SO. 


nthedi- 
0  the  circumfe- 
rence of  rotation ;  that  is,  to  reduce  it 
in  the  proportion  of  radius  to  the  cosine 
of  the  angle  which  the  needle  forms  with 
the  plane  of  the  wires. 

(94.)  In  the  situation  oT  the  ma^et 
represented  in  flg.  !>9,  where  the  wires, 
instead  of  extending  indefinitely  in  the 
horiiontal  direction,  enclose  the  magnet 
alio  on  the  sides,  the  influence  of  the 
latwal  portions  A  and  B  re(]uire  to  be 
taken  into  account  in  estimating  the 
the  middle  point  of  the  line  A  B.  which  effect  produced.  A  Rttle  consideration 
constitutes  the  interval  between  them,  will  satisfy  ua  that  the  aclion  of  these 
Let  the  magnetic  pole  P  be  placed  at  parts  concur  with  those  of  the  horiionlal 
various  distances  along  the  l:ne  C  R,  portions  in  giving  the  same  directive 
perpendicular  to  A  B,  and  consequently  tendency  to  the  needle ;  and  that,  in 
perpendiculartothevenicalplanewhicn   fact,  if  we  luppoee  the  wire  to  be  bent 
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slwwn  injig.  61,     reaches  1h»t  planej  but  the  monentjt 


IntoBcircularform. ->>..^ jo----  ■.      • 

the  miumrfie  pole  P,  placed  it  the  centre  passes   through   il  and 

^  ^       __  ntKm-     m'lAa      a     l-pnillAinn 

.        Ftg.  61 


1  the 


of  the  circle,  or  in  a  lire  passing  Ihroueh 
that  centre,  and  at  right  angles  to  its 
plane,  would  be  impelled  i:i  one  unifarm 
direction  by  an  electric  current  Irani' 
milled  ihroueh  the  wire,  in  every  part 
of  its  course  atontz:  that  circular  bend. 
(95.)  Supposinc  it  were  possible  for 
the  current  to  move  in  a.  perfect  circle, 
ils  direciii'n  heme  that  indicated  by  tl.e 
arrows  in  figures  62  and  63,  the  north 
pule  (if  a.  maitnet  placed  in  its  centre 
wnuld  move  to  the  right,  and  the  south 


other  tide,  a  repulsion  equally  strong 
with  the  former  attraction  commeoces; 
gradually  diminishing  as  the  distance 
from  the  plane  inereues. 

(S6.)  TWi  hypothetical  case  may  in 
some  measure  be  re»li«ed  in  a  very  in- 
penious  apparatus  invented  by  M.  De 
laRive*.  and  which  is  shown in/f,  64. 
Il  consists  of  a  small  galvanic  baLtetj. 
formed  by  a  pair  of  line  and  copper 

plalei,  Z  and  C,  attached  to '■  -' 

Ftg.  64. 


Fif.  62. 


F^.  63. 


'0-  -e, 

pole  to  the  left ;  ai  shewn  by  the  arrows 
al  N  and  S.  If  tne  ntrlh  pole  of  a 
maitnet,  Iherefore,  were  presei.ted  to  the 
riaht  hand  side  of  this  circular  current, 
it  would  tend  to  move  away  from  it, 
havini:  the  appe»rance  of  being  repelled : 
and  since  a  similar  and  reciprocal  action 
takes  place  between  the  magnetic  pole 
and  the  electric  current,  the  latter, 
losethcr  with  the  wire  which  conveys  it, 
will,  if  at  liberty  lo  rjove,  recede  from 
the  magnet,  or  appear  to  be  repelled  by 
il.  Just  the  contrary  would  happen  if 
the  south  pole  of  a  magnet  were  pre- 
sented on  the  same  side;  that  is,  thfre 
would  be  the  appearance  iif  a  mutual 
attraction  between  them.  Hut  when 
either  of  these  poles  is  presented  on  the 
Other  side  of  the  piano  of  i  he  circular  cur- 
rent, etfecls  of  an  opposite  kind  are  pro- 
duced: the  north  pole  appears  to  attract, 
and  the  south  pole  to  repel.  If  the 
north  pole,  which  thus  appears  to  attract 
on  one  aide,  be  brought  nearer  and  nearer 
to  the  plane  of  the  oircle,  the  apparent 
Utraotion   goM  on    iuoreasing,  tiU  it 


sufficient  size  to  enable  the  whrie  ap- 
paratus to  float  on  the  acidulatrd 
water  which  is  to  act  upon  Ihi^  imc. 
Each  of  the  metallic  plates  is  about  half 
an  inch  wide,  and  extends  nearly  two 
inches  below  the  cork,  through  which 
its  upper  end  is  made  lo  pass.  A  piece 
of  copper  wire,  W,  covered  with  silk 
thread,  is  affixed  to  the  copper  plate, 
and  passing  upwards  through  the  coik, 
is  bent  into  the  form  of  a  circle  of  about 
an  inch  in  diameter,  so  thst  (he  other 
end  returns  into  the  cork  and  may  be 
soldered  to  the  plate  of  iinc.  In  the 
galvanic  circuit  which  is  thus  formed  by 
the  acid  and  Ihe  plates  of  zinc  and  cop- 
per connected  by  the  wire,  an  electric  cur- 
rent is  determined  from  the  copperplate, 
along  Ihe  circular  wire,  to  the  zmc  plate, 
as  shown  by  the  arrows;  and  Ihe  mo- 
bility of  the  floating  apparatus  affords 
the  best  opportunity  ot  exhibiting  all 
the  effects  of  Ihe  attractive  and  repul 
sive  tendencies  we  have  just  tieen  de- 
scribing, when  a  magnet  is  brought 
near  il  on  either  side.  It  is  proper  lo 
remark  that  the  instrument  is  rt-ndered 
more  powerful  by  CFiusing  the  wire  to 
■  eppiTi  n.  .  MI  ^^  ^^ 
e,  veL  fll.  p.  U 
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mkka  fin  or  aiz  turm  in  the  circle,  And  Kettin^  entirely  dear  of  the  mniniet,  it 
thtn  tying  the  coils  together  wi  as  to  is  projected  to  a  considerable  distance 
form  a  rin^,  which  being  thus  composed  from  it.  At  length,  however,  it  stops, 
of  a  number  of  concentric  circles,  the  and,  gradually  turning  round,  presenls 
action  of  each  is  combined,  and  the  power  the  opposite  face  to  the  mngnet ;  attnc- 
ta  it  were  multiplied  by  the  number  of  tion  now  takes  place,  and  Ihe  ring  re- 
turns, turns  to  the  magnet  with  a  force  equal 

(37.)  This  difference  in  the  effects  to  that  with  which  it  had  before  Ded 

which  the  two  sides  of  the  plane  of  the  from  it ;  and  jiaaain^  again  over  ils  pole, 

ring  in  this  instrument  haYC  on  the  same  finallyrestsin  its  position  of  equilibrium, 

pole  of  a  magnet,  presents  a  very  strik-  encircling  the  middle,  or  what  may  be 

ing  phenomenon,  and  exhibits  a  strong  termed  the  equator  of  the  magnet.     In 

analogy  with  the  magnet  itself.    We  the  former  position  it  was  equally. at- 

may  in  fact  ooniider  it  ai  a  Oat  magnet,  tracted  by  the  two  poles  of  the  magnet ; 

having  its  two  pol'es  in  the  centre  of  it,  in  the  latter  it  is  equally  repelled :  and 

two  surfaces,  the  one  on  one  side,  and  accordingly  the  first  was  an  unstable, 

the  other  on  the  other:  to  that  if,  on  and  the  last  a  stable  equilibrium.    The 

looking  at  one  of  these  surfaces,  the  ring  is  represented  in  this  last  situation 

current  is  moving  in  the  same  direction  inj^.  63,  surrounding  the  middle  <rfUie 

as  the  handa  of  a  watch  move  when  we  magnet,  B,  N. 

face  the  dial,  then  the  side  on  which  we  Fig.  65. 
are  looking  may  be  regarded  as  having 
the  properties  of  the  loulh  poU;  and 
the  other  side  that  of  the  norlh  pole. 
The  former  attracts  and  is  attracted  by 
the  north  pole  of  a  magnet;  the  latter 
attracts  and  is  attract^  by  the  south 
pole,  and  vice  vtrtA. 

(98.)  A  very  curious  phenomenon  is 
seen  when  a  magnet  is  presented  hori- 
lontally  to  the  vertical  electro-magnetic 
ring  of  M.  De  la  Kive ;  supposing  the 
uiRgnet  to  be  sufficiently  slender  to  pass 
easUy  through  the  ring.    If  thepole  be 
presented  to  it  on  the  side  where  attrac- 
tion  takes  place,   the   ring  will   move 
towards  it,  (ill  it  arrives  at  the  pole,  and 
then   proceeds    onwards  in  the    same 
course.  Ihe   magnet  t>eing  held  in  the 
axis  of  the  ring,  tili  it  reaiJies  the  middle 
of  the  ntgnet ;  but  there  il  seeiDS  in- 
clined to  slop ;    and  then,  afler  a  few  (99 )  M.  De  la  Rive's  apparatus  may 
oscillations,  it  settles,  as  in  a  position  of  be  constructed  so  as  not  to  require  the 
equilibrium:  for  if  purposely  displaced  liquid  in  which  it  floats  to  consist  of  the 
by   brinsing  it  forwards    towards   the  acid;  for  if  the  copper  plates  t>e  double, 
other  pole,  it  returns  with  a  force  which  uid  pass  round  the  line  plate,  lo  as  to 
shows  that  it  is  repelled  from  that  other  form  a  cell  capable  of  holding  the  acid 
pole.    Let  us  now  withdraw  the  magnet,  and  Ihe  linc  plate,  Ihe  whole  combina 
and  turning   it  half  round,  so  that  its  tion  maybe  enclosed  in  a  glass  cylinder, 
poles   are  in  directions  the  reverse  <<f  which  will  enable  it  to  float  in  water. 
what  they  were  al  first,  and  holding  the  Bolh  Ihe  surfaces  of  the  zinc  are  thus 
ring  in  one  hand,  let  us  again  introduce  opposed  to  a  surface  of  copper,  as  in  Ihe 
the  magnet  into  it  with  the  other  hand,  construction  propoaedby  Dr.  Wollaston. 
until   it   is   half-way  through.      Under  (See  Galvanism,  j  IB.)     This  addition 
these  circumstances  it  is  just  possible  was  first  sugaested  hy  Mr.  Marsh,  and 
Ihat  ve  may  have  brought  il  into  such  is  represented  in  the  preceding  figure 
a  situation  as  Ihat  the  ring  may  again  16.'^).     The  tube  for   this  purpose   may 
tie  in  equilibrium,  undetermined  in  what  be  made  out  of  the  neck  of  a  Florence 
direction   to   move;    but   the    slightest  flask 

change  in  this  position  causes  it  to  move  (lOO.)    The   magnetic    properties    of 

with  an  accelerated  velocity  towards  circular  conductors  may  be  exhibited  in 

that  poke  wbioh  ia  nearest  to  it ;  and  a  striking  manner  by  bendiw  tte  wire 

DniitzcdoyCiOOglC 
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j^V.  ee.  mft^elic  influence  exerted  by  each  Inra 

"  is,  aa  we  have  seen,  to  m^  the  north 


pole  of  a  magnet  placed  in  its  axis,  fo 
move  in  one  direction  along  that  axis, 
and  the  south  pole  in  the  contrajy  di- 
rection.   The  force  thus  exerled  is,  of 
course,  multiplied   in    degree  and   in- 
creased in  extent,  by  each  repetition  of 
thelums  of  the  wire;  and  a  magnetic 
needle  in  every  parlof  Ihe  inleriorof  the 
helix  will  have  a  powerful  tendency  to 
into  the  form  of  a  spiral,  see  fig.  60.    place  itself  in  the  axis,  and  to  turn  its 
Oie  upper  end   of  Ihe  wire  should  be    poigj  jn  a  manner  conformable  to  the 
bent  downwards    and    terminate  in  a    nature  of  the  force  that  is  in  operation, 
point,  for  the  purpose  of  lieing  inserted       (|02.>  Now  this  force  depends  on  two 
in   ft  cup    eo.;taining    mercury,  which    circumstances:  fira^thedi^ecl!on  ofthe 
commumcates  by  awire  with  one  of  the    current  wiih  reference  to  the  axis  of  the 
l)oles  of  tl)e  Voltaic  battery.    The  coJs    j,elix ;  and,  secondly,  the  direction  of 
of  the  wire  may  be  either  secured  from    the  circumvolutions  which  compose  it. 
contact  by  being  wrapped  round  with    it  jj  „ei]  known  that  screws  are  of  two 


silk  thread,  or  mav  lie  aftached  to  o 


liinds,   distin^ished    : 


surface  of  a  card,  while  the  wire  which     (j^  left-handed  si . „. 

proceeds  from  the  centre  of  the  coil  as  shown  in  fe.  68,  the  turns  proceed 
passes  through  the  cnrd,   and  descends 

in    a    straight  line    on    the    opposite  Fig.  68.  Fig.  69. 

side,  so  as  to  rest  by  its  pointed  extre- 
mity on  the  inside  of  another  cup,  also 
cont^nin^  mercuTy,  in  order  to  form 
a  communicalioD  will)  tlie  other  pole 
of  the  battery.  A  coil  of  this  descrip- 
tion, all  the  successive  coils  of  which 

conspire  together  in  producine  the  op-  I. 

posile  potkritieii  on  its  two  sides,  imitates 
still  more  decidedly  Ibu  effects  of  a 
magnet,  whose  poles  might  be  supposed 
to  be  situated  in  the  centre  of  each  disc 

(101.)  A  still  closer  imitation  of  a 
magnet  is  obtained  by  making  the  turns 

of  the  wire  not  in  the  same  plane,  as  in  downviards,  (it  the  screw  be  placed  with 
the  spiral  just  described,  but  on  a  cylin-  its  axis  vertical)  from  right  to  left,  on 
drical  surface,  like  the  turns  of  a  uork-  that  side  which  is  next  to  the  spectator, 
screw;  a  figure  which  matliematicians  In  the  left-handed  screw  (see ^.  69), 
have  termed  a  helix :  an  anangement  Ihe  turns  proceed  in  the  contrary  direc- 
which  possesses  many  remarkable  pro-  tion.  Now  the  magnetic  polarity  of  liie 
perties,  both  as  legaris  its  interior  and  electric  helix,  which  is  exerted  in  the 
][b  exterior  action.  space  it  encircles,  depends  on  the  diree- 

In  jig-.  67,  the  several  turns  of  the  tion  in  which  the  currant  is  moving  with 
helix  are  represented  as  separated  to  a  reference  to  a  plane  at  right  angles  to 
distance  from  each  other,  in  oi-dcr  that  the  axis ;  for  if  the  current  be  descend- 
the  direction  of  the  lurns,  and  the  po-  ing  on  the  side  next  to  the  spectator, 
■ition  of  a  magnet  placed  in  the  axis  (in  the  horiionfal  helix,  Jig.  67,)  the 
may  be  distinctly  seen,     l^e  electro-    north  pole  of  a  magnet  in  the  axis  wiU 
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be  determineil  to  the  li^ht,  and  Ihe 
soiilh  pole  to  the  left ;  and  (his  tendency 
will  be  ^iven  in  the  right-handed  helix 
if  the  current  be  transmitted  through  it 
from  left  to  right;  but  in  the  left-handed 
helix  from  right  to  left.  It  requires  but 
a  slight  effort  of  attention  to  Uiese  par- 
ticulars to  perceive  the  influence  they 
hare  on  the  phenomena ;  yet  unless  this 
effort  be  made  miatakes  may  easily  be 
committed. 


the  apposite  forces  which  impel  the  two 
poles  in  contrary  directions,  derived 
from  each  coil  of  the  wire,  exactly 
balance  one  another,  and  the  needle  re- 
mains in  equilibrium.  When  disturbed 
from  thia  position,  by  being  pushed 
nearer  to  one  end,  the  forces  derived 
from  the  tarns  of  the  wire  collectively 
act  with  more  power  upon  that  pole 
which  is  nearest  to  the  middle  point  of 
the  axis,  both  becanse  they  are  nearer, 
and  because  they  act  leas  obliquely, 
Hiese  forces  will,  therefore,  prevaiTover 
those  that  iii^e  the  more  distant  pole  in 
the  contrary  direclion ;  and  the  magnet 
will  be  brought  back  to  its  former  po- 
sition in  the  middle  of  the  axis.  This 
it  illustrated  in^.  70,  which  represents 
B  section  of  the  hebx ;  S  N  being  the 
Fig.  70. 
ioaoo^ooooooooo? 


position  of  the  mafpiet,  a  litUe  to  one 
side  of  the  middle  pobt  of  the  axis.  It 
will  be  evident  that,  in  as  far  as  the  pole 
S  is  acted  upon  by  forces  derived  from 
■he  turns  of  the  wire  situated  between 
A  a  and  C  e,  its  tendency  to  move  out- 
wards is  exactly  balanced  by  the  forces 
arising  from  the  action  of  the  wii-es  be- 
tween B6  and  Dd  upon  the  pole  N, 
urging  it  in  the  contrary  direction ; 
because  these  wires  have  exactly  the 
•ame  relative  situations  to  these  re- 
spective poles.  But  the  pole  N  is  be- 
sides acted  upon  by  all  the  wires  that 
are  situated  between  B  b,  and  the  end 
A  a,  and  the  pole  S  by  all  those  situ- 
ated between  Ccand  JJd.  These  two 
ections  are  in  opposite  directions;  but 
the  former  is  more  powerful  than  the 
latter;  first,  because  the  wires  between 
An  and  B  6  are  nearer  to  N,  thanlhose 
tKtween  Cc  and  D  d  are  to  S ;  and 


secondly,  because  they  act  with  less  ob- 
liquity: Ihey  will  therefore  impel  the 
whole  magnet  towards  the  middle  of  the 

(104.)  So  powerful  is  the  action  of  a 
helix  of  this  description,  ihat  if  a  small 
magnetized  needle,  or  bar,  be  placed 
within  it,  so  as  to  rest  upon  the  lower 
portions  of  the  wire,  the  moment  the 
connexion  is  made  with  the  Voltaic 
battery,  so  that  the  electrie  current 
circulates  through  the  wires,  the  needle 
is  seen  to  start  up,  and  place  itself  in 
the  a\is,  remaining  suspended  in  the 
air  in  opposition  to  the  force  of  gravity. 
This  wdl  even  take  place  in  a  vertical 
position  of  the  helix,  presenting  the 
singular  spectacle  of  a  heavy  body  raised 
by  an  invisible  power,  and  maintained, 
like  the  fabled  statue  of  Theamides,  in 
a  situation  totally  free  from  any  ma- 
terial connexion  and  support. 

(105.)  The  magnetic  actions  of  a 
helix  at  its  two  extremities,  and  at  some 
distance  beyond  them,  agree  with  those 
of  the  sides  of  a  single  circle,  or  spiral 
coil  already  explained ;  one  end  having 
properties  similar  to  the  north,  and  the 
other  to  the  south  pole  of  a  ma^et. 
But  the  imitation  may  be  rendered  still 
more  complete  if  the  two  portions  of  the 
wire  which  has  formed  the  helix,  and 
are  situated  at  its  two  extremities,  be 
bent  back  as  shown  in^.  71,  at  N,  S, 
so  as  to  return  in  a  straiglit  course 
along  the  axis  till  they  arrive  at  the 
middle  point,  where  they  are  again  bent 
at  right  aisles,  in  order  to  pass  out 
between  the  coils,  rising  parallel  to  one 


J^.71. 


another,  and  terminating  in  points  far 
the  purpose  of  suspension  in  cups,  an 
already  (tescril>ed  in  the  ease  of  thv 
spiral  wire.  Sometimes  one  of  thcM 
wires,  instead  of  being  bent  upwards,  ii 
made  to  descend  veirticaliy,  and  tei 
minate  in  a. sharp  point  below,  where  it 
is  inserted  into  a  cup. 

(106.)  What  constitutes  the  peculiar 
excellence  of  Ibis  arrangemeDt — irhieb  i 
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nu  baen  temtd  by  Ampire  ta  eUciro- 
dfnamio  cyltHdur,  with  a  view  to  its 
M*iinil»tian  wi'h  the  condition  of  a 
maEnelic  cylindei^-is  thii ;  that  what- 
ever ni^etio  action  the  turoi  of  the 
heliacal  part  of  the  wire  may  have  in  a 
lonttitudinal  direction,  (that  i>  parallel 
to  the  Bxia,)  is  oouDterbalanced  by  the 
oontmry  action  of  the  returning  wire. 
For  the  direction  of  each  of  the  heliacal 
portions  of  the  wire,  that  of  Wio,  for 
iB«1ance,y^,  72.  beini;  Decestarily  >ome- 
what  oblique,  and  the  majcnetic  force  it 
exert*  bving  aioog  M  m,  at  right  angle* 

iV.72. 


current  through  them,  ceanng  tha'iO' 
■tant  that  current  ii  arreted,  and 
capable  of  being;  auddenly  reversied  hj 
changing  the  direction  of  that  current 

(lOtJ.)  In  order  to  facilitate  the  com- 
pariion  of  the  propertiei  of  Voltaic 
magnets  with  thote  of  ordinary  magneli. 
it  will  be  found  caDvenient  to  adapt 
them  to  Ibe  simple  floating  galvanic 
apparatus  devised  by  M.  de  la  Rive. 
Such  is  the  one  represented  iny^.  73. 


aented  by  C/,  while  another  part, 
ii  directed  at  right  angles  to  the  axu. 
But  that  portion  of  the  straight  wire 
which  passes  along  the  axis,  and  cor- 
responds in  its  len^h  to  the  interval 
between  the  two  adjoining  spiral  turns, 
exerts  a  force  C  d,  precisely  equal,  and  in 
an  opposite  direction  to  C  «.  These  two 
forces,  therefore,  ewwtly  destroy  one 
another;  and  there  remains  only  the 
force  C/,  in  the  direction  of  the  axis. 

{107.)  Experiment  has  fully  con- 
firmed the  accuracy  of  this  theoretical 
deduction :  and  the  heliacal  arrange- 
ment just  described  is  found  to  be  a 
tolerably  exact  representation  of  what 
may  be  conceived  to  be  a  simple  or 
elementary  roagnetical  filament;  for  it 
has  opposite  poles  at  the  two  ends,  the 
one  being  north,  the  other  south.  It 
obeys  the  action  of  magneto  that  may 
be  presented  to  it,  being  attracted  and 
repelled,  and  assuming  determinate  po- 
sitions with  respect  to  the  poles  of  the 
magnet,  just  a*  if  it  were  itself  a  magnet, 
of  which,  indeed,  it  appears  to  possess 
all  the  essential  properties,  and  for 
which  it  may  be  substituted  in  almost 
every  form  of  experiment.  It  is  hardly 
necessary  to  observe  that  the  polarity  of 
these  Vwaio  mamett,  as  we  may  call 
them,  is  entirely  or  a  cond'tional  nature, 
dependant  on  Um  passage  of  the  electric 


Both  the  ends  of  the  nires  are  here 
made  to  descend  through  the  cork,  the 
one  being  soldered  to  the  sine,  and  the 

other  to  the  copper  plates ;  and  the 
whole  being  enclosed  in  a  glasi  cylinder 
adapted  for  floating  it  in  water. 

(109.)  Avety  simple  apparatus  act- 
ing on  the  same  principle,  is  that  of 
Professor  Vanden  Boss,  represented  in 
fig.  74.  It  consists  of  a  plate  of  copper 
about  .an  inch  square,  and  a  similar 
plate  of  zinc,  placed  parallel  to  the  for- 
mer, their  contact  being  prevented  by  a 
small  piece  of  cork  interposed  between 
them.  To  the  upper  part  of  one  of 
these  plates  a  slender  brass  wire  is  at- 


Fig.JA. 
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tached,  which  ucendi,  and  U  inserted  is  encireted  fay  a  heliacal  coil  of  copper 
into  an  opening  made  in  the  ude  of  a  wire,  havin;;  a  slender  bar  across  its  top, 
long  quill,  or  a  tuli«  Tormed  of  portions  with  a  needle  point  in  its  centre,  turning 
of  quills  inserted  successively  into  each  in  a  conicHi  hole  drilled  in  the  end  of  llie 
other,  nnd  about  six  or  seven  inches  long,  msgnet,  with  a  small  plHtina  cup  above 
The  wire,  passing  along  the  interior  of  it,  in  order  to  hold  a  globule  of  mercury. 
the  quills,  conies  out  at  the  end,  and  The  lower  end  of  each  of  these  coils  ter- 
being  then  wound  round  the  outside  of  minales  in  slender,  pointed  wirei,  which 
the  tube  in  a  helix,  along  its  whole  are  soldered  to  them,  and  which  are  in- 
length.  is  mule  again  to  enter  the  quill  tended  to  dip  into  mercury  contained 
at  the  other  end  ;  and  proceeding  bock  in  a  wooden  cistern  below  it,  tixed  by 
along  the  axis,  is  brought  out  near  the  screws  to  the  leg  of  the  magnet.  A  wire 
middle,  and  made  to  descend  till  it  meets  also  proceeds  from  the  lower  part  of 
the  other  plate,  to  which  it  is  soldered,  each  cistern,  and,  being  l>ent  upwards. 
The  whole  apparatus  is  suspended  at  its  terminates  In  a  small  cup,  also  capable 
centre  of  ^^vily  by  a  piece  of  untwisted  of  holding  mercury.  A  brass  stiinderd 
■ilk-thread.  The  plates  being  dipped  rises  from  the  basis  of  the  apparaitis, 
into  dilute  acid,  while  thus  supported,  having  a  forked  piece  attached  to  lis 
— 1 — ;„  ,_.; —  — ;.~)  ;_  .1 —  ;.  upper  end,  with  two  points  descending 
into  the  two  platina  cups  upon  the  lops 
of  the  coils  ;  and  there  is  also  another 
Heiiaeai  Rotationt.  cup  placed  at  the  top  of  the  forked  piece, 

holding  mercury.  The  voltaic  circuit 
(110.)  An  ingenious  mode  of  exempli-  may  thus  l>e  completed  in  various  ways ; 
lying  the  rotatory  action  of  a  magnet  on  either  by  placing  wires  in  the  mercury 
a  conducting  wire,  when  coiled  into  a  contained  in  ttie  small  side  cups,  and 
helix,  was  contrived  by  Mr. Watkins,  and  connected  with  one  pole  of  the  batlery, 
describedin  his  Popular  Sketch  of  Elec-  while  other  wires,  communicating  wiih 
Iro-Magnetism  *.  The  apparatus,  re-  the  other  pole,  are  placed  in  the  ctip  on 
presented  in  fe.  7S,  consists  of  a  horse-  the  top  of  the  apparatus;  or  else,  direct- 
shoe  ma^et,f&mly  secured  to  a  wooden  ing  one  and  the  same  stream  of  elec- 
atand.  Each  of  the  poles  of  the  magnet  Iricity  ttvough  the  whole  of  the  appara- 
Ev^  -,  tus,  by  joining  one  of  the  side  cups  with 

*■  the  positive,  and  the  other  with  the  ne- 

gative side  of  the  battery.  In  the  former 
case,  the  current,  passing  in  the  same 
direction,  whether  upwards  or  down- 
wards, in  the  two  coils,  and  being  acted 
upon  bj  the  different  poles  of  the  magnet, 
will  be  urged  to  revolve  in  opposite  di- 
rections :  m  the  latter  case,  the  contrary 
directions  of  the  currents  iti  both  wires, 
ascending  in  the  one,  and  descending  in 
the  other,  being  respectively  acted  upon 
in  opposite  modes  by  the  contrary  poles 
of  the  magnet,  the  combination  of  these 
two  contrarieties  will  produce  rotations 
in  the  same  direction  in  both  the  wirei. 

Cbaptee  VIII. 

Oalvatwmeteri. 

(111.)  The  action  of  acircular  or  spi- 

i  ral  coil  has  been  applied  to  the  conslruc- 

'  tionot  an  instrument  fordeteclirig  smsD 

quantities  of  galvanic  ekctricily,  or  GiU- 

vcaiotmpe;  and  also  of  a  GedvtamtMter, 

or  instrument  for  measuring  the  inten* 

sity  of  any  galvanic  current.     For  this 

purpose,  the  diameter  of  the  circle  must 

exceed  the  Length  of  the  needle  which  it 

.'      surrounds,  in  order  to  allow  the  latter  to 

•  P,^  place  itseli  in  the  plane  of  the  circle 
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which  is  to  act  upon  it  Thiis,i(the  nee«  comine  in  matual  contuct;  for  mch 
die  n  *.  fif^.  76,  be  filaced  in  Ihe  same  contact  would  allow  of  the  direct  pas- 
plane  with  Iht  wire  Wic.proccedinft  from  saeeof  the  current  from  the  one  to  the 
thelwocup3,P,N,  and  bent  in  a  circular  other.  For  this  purpose  the  wire  must 
either  be  wrapped  round  with  lilk 
-Jiy.  76.  thread,  or  coated  with    sealiny   wax, 

p     IT  tbroughout  the  whole  length  of  the  coil. 

T^                    IS (113.)   A  gBlvanometer,  constructed 
X ^  "    —^■' ■■'—'')     on  this  principle,  was  invented  by  Pro- 
^- ' '     fessor  Schweigger,  of  Halle,  very  soon 

after  the  first  discovery  of  Electro- 
Magnetisni,  and  was  called  by  him  an 
Eteclro-Magtielic  Muitiptier.  Various 
forms  have  been  given  to  this  instru- 
ment, either  with  a  v'      '    '  '■" 


<4» 


or  oval  form,  so  as  to  enclose  it,  the  it 
fluence  of  every  part  of  Ihe 


'hen 


turbed  by  the  action  of  any  electric  in-  k„  »». 

fluence;  and  let  a  feeble  current  of 
electricity  t>e  now  sent  through  the  wires: 
the  effect  of  this  current  will  he  to  oc- 
casion such  a  deviation  of  the  needle 
from  the  plane  of  the  magnetic  meridian 
as  will  balance  the  force  wliich  the  mag- 
netism of  Ihe  earth  exerts  in  Imnging  it 

towards  that  plane.    In  proportion  as  preat  number  of  turns  of  wire,  bmt  into 

the  needle  recedes  from  the  meridian,  the  sliape  of  a  vertical  piirallelo(n>in, 

the  terreatrial  force  increases  in  inten-  and  the  two  ends  of  which  tominale. 

sity,  while,  at  the  same  lime,  the  electro-  as  usual,  in  small  metaUie.  cups,  con- 

maenetic  force  diminishes ;  the  number  tainin^   mercury,   for   the    purpose    of 

of  diigrees  el  which  it  stops,  and.which  establishing  connexions  with  any  g»l- 

mark  where  the  equilibnum    Detween  vanic    combination  of   nhich  we   mre 

these  two  forces  takes  place,  will  there-  desirous  to  ascertain  and  measure  the 

fore  indicate,  with  tolerable  precision,  electrical    state.    A    graduated   drde, 

the  intensity  of  the  galvanic  current  cir-  having  a  dark  line  across  it,  coinciding 

culating  ttirough  the  wires.  with  the  plane  of  the  wires,  is  to  fa« 

(112.)  The  effect  of  a  single  turn,  or  fixed  to  the  mvot,  immediately  nnder  the 

coil  of  the  wire  may  be  increased  by  needle,  in  order  to  estimate  its  deviations 

multiplying  the   coils;  for  in  this  way  in  eilher  direction  from  that  plane. 
the  same  current  is  made  to  act  repeat-        (1 15.)  Greater  mobility  ma^  l>e  given 

edty,  in  its  course  through  the  convolu-  to  Ihe  needle  by  the  more  debcale  mode 

tions  of  the  wire,  upon  the  poles  of  the  of  suspension  employed  in  the  tjalaace 

same  needle.    It  is  true  that  theelectro-  of  torsion.    With  this  view,  it  may  be 

magnetic  force  of  tlie  current  is  some-  suspended  at  its  centre  by  a  fine  thread, 

what  weakened  by  such  an  extension  of  or,  what  is  best  of  all,  by  a  single  fila^ 

the  line  of  its  course;  but  its  diminu-  ment  of  silk,  enclosed  in  a  tube,  and 

tion  from  this   cause   will  scarcely   be  attached  to  the  lower  end  of  a  short 

sensible,  if  the  total  length  of  the  wire  metallic  wire,  passed  through  the  cover 

be  not  very  considerable  in  comparison  which  cioses  toe  top  of  tlv  tube,  sind 

with  the  whole  circuit  of  the  current  capable  of  being  turned  in  the  aperture 

including  the  volltuc  battery.    In  order  with  some  degree  of  friction,  so  as  t>i 

to  prevent  the  electric   current   from  bring  Ihe  needle  to  any  requiral  hori- 

tnklnsf  0.  shorter  course  than  the   one  lonta!  position.    The  angular   fuming 

intended,  it  is  necessary  to  secure   the  requisite  for  this  purpose  is  marked  by 

Adjacent  portions    of  the  wires   from  on  index  fixed  upon  toe  iippacod  of  Uw 

'     oqIc 
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wire,  by  reference  to  &  sqall  mduated 
circle  iiiimedialely  below  it,  in  the  upper 
sideof  thecover.  All  these  {j«rti  are  re- 
presented in  the  vertical  Bection,^.  78. 
The  other  parti  of  the  apparatus,  as  far 
as  relate)  to  the  coils  of  irire  vthich 
;Fyy.78. 


and  about  an  inch,  or  an  inch  and  a  half 
long.  Rx  the  coil  in  a  proper  sole,  and 
connect  the  ends  of  the  wires  with  two 
small  metaltie  cups,  for  holdine  ench  a 
drop  of  Dieraury.     Paste  a  circular  slip 


endide  the  needle,  are  similar  to  those 
of  the.  former  instrument :  excepting 
that  the  wires  in  the  middle  of  the  upper 
part  of  the  coil  must  be  separated  a 
little,  in  order  lo  leave  an  opening  for 
the  free  paiia^  of  the  thread  that  sup- 
ports the  needle.  A  cradualed  circle. 
equal  in  diameter  to  the  leneth  of  the 
needle,  is  placed,  as  in  the  former  case, 
immediately  lieloir  the  needle.  The 
compass,  vru«,  and  card,  are  enclosed  in 
a  tx>x,  in  order  to  secun  them  from  Ihe 
agitations  of  the  air;  and  the  cover. 
from  the  middle  of  which  the  upright 
tube  rises,  should  be  of  glass,  in  onler 
to  allow  of  our  seeing  the  position  of  the 
needle. 

(116.)  Mr,  Ritchie  ha»  lately  proposed 
a  toraion  galvanometer,  in  which  he  em- 

Sloys  a  thread  of  glass  a>i  the  material 
)r  suspending  the  needle*.  Fig.  79  is 
a  vertical  section  of  his  instrument,  of 
which  he  gives  the  following  descrip- 
tion:—Take  a  fine  copper  wire,  and 
cover  it  with  a  ttiui  coating  of  sealing- 
wax.  Roll  it  about  a  heated  cylmder, 
an  inch  or  two  in  diameter,  ten,  twenty, 
or  any  number  of  times,  according  to 
the  delicacy  of  the  instrument  required. 
Press  together  the  opposite  sides  of  the 
circular  coil,  till  they  become  parallel. 


■  FkilBujiblial 'Iiuui 
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and  having  a  black  line  drawn  through 
its  centre,  and  in  the  same  direction  with 
the  middle  of  the  coil.  Fix  s  sma[l 
magnet,  made  of  a  common  sewing- 
needle,  or  piece  of  steel  wire,  to  the 
lower  end  of  a  fine  glass  thread,  whilst 
the  upper  end  is  securely  fixed  with 
sealing-wax  in  the  centre  of  a  moveable 
index,  as  in  the  common  torsion  balance. 
The  glass  thread  should  t>e  inclosed  in  a 
tube  of  glass,  which  fits  into  a  diiic  of 
thick  plate  glass,  covering  the  upper 
side  of  the  wooden  box,  containing  the 
coil  and  magnetic  needle. 

(117.)  This  instrument  enables  us  to 
estimate  the  comparative  intensities  of 
currents  of  electncity  circulating  along 
the  wires  of  the  coil.  For  this  purpose. 
the  needle  is  to  be  placed  directly  above 
the  meridian  line  drawn  on  Ihe  paper 
circle,  and  consequently  directly  above, 
and  in  the  direction  of  the  wires  form- 
ing the  upper  side  of  the  coil.  As  soon 
as  a  current  of  electricity  is  made  to  cir- 
culate alorkg  the  wires,  Ihe  needle  will  of 
course  be  deflected.  The  glass  thread 
must  then  be  twisted,  bv  turning  the 
index,  until  the  needle  is  brought  to  its 
former  position ;  and  the  number  of 
degrees  of  torsion  must  he  noted,  A 
similar  experiment  may  next  be  made 
with  another  cuireDt)  the  thread  havine 
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pwviouriy  been  mtwiited.  so  that  the    meMored.  ii  plwMd  awthewireonthe 

needle  is  ieain  restored  to  its  former  upper  lurface  of  the  frame  of  the  m- 
nosition  The  quantities  of  eleotricily  slniment,  havingan  aperture  in  lis  cen- 
circukting  round  the  wires  wiU  be  di-  tre  for  the  free  pwsage  of  the  needle 
reclly  proportional  to  the  number  of  and  straw.  The  whole  of  this  arrange- 
deereea  through  which  the  thread  has  ment  may  be  underwood  by  a  reference 
been  twisted.  to;?g.  80.  which  repre.ents  a  section  of 

(118.)  In  the  common  galvanometers,  the  appsratus:  in  isthelower  neeOle 
ia  which  the  force  of  th«  current  is  esti-  pig_  gg 

mated  by  the  degrees  of  the  deviation 
of  the  needle,  this  deflecting  force  acta 
with  mechanical  disadTanlage  as  the 
needle  deviates  from  tha  coil.  When  it 
has  been  deflected  nearly  ninety  degrees 
from  its  original  position,  an  addition  to 
the  power  will  produce  scarcely  any 
addition  to  the  effect;  and  consequently 
the  instrument  ceases  (o  give  indtcation 
of  a  more  energetic  current.  Hence 
Mr.  Ritchie's  instrument  is  better  enti- 
tled to  the  appellation  of  a  galvanometer. 
or  measurer  of  palvanic  eleclricily,  than 
the  former,  which  are  mere  g(dva7to- 
KOpet,  or  indicators  of  the  presence  of 
a  galvanic  current.  It  has,  however, 
the  disadvantage  of  not  being  so  sensi- 
ble to  the  influence  of  feeble  voltaic 
electricity  ;  since  the  needle,  being  on 
the  outside  of  the  coil,  is  acted  upon 
only  by  the  difference  of  the  two  con- 
trary electro- magnetic  forces,  arising 
from  the  opposite  currents  in  the  iipper 
and  lower  parts  of  the  coil.    In  the 

former  arrangement,  the  needle,  being  gurrounded  by  the  coil  of  vrire.  and  con- 
between  these  two  parts  of  the  coil,  la  „gg,j,j  ^■^^^  ,jj,  ^^^^^  n^gjig  ^  g^  ^y 
deflected  bv  the  sum  of  these  forces.  j^e  intermediate  straw  shaft   which   is 

(119.)  The  sensibility  of  the  gaJva-  geen  to  pass  through  the  upper  horiion- 
noscope  may  be  very  much  increased  by  ^  ^.^^^  ^f  ,^6  „ires,  and  also  through 
neutralizing  the  directive  force  of  the  j(,g  central  aperture  of  the  card  imme- 
needle  arising  from  the  maitnetic  influ-  ji^tely  above  it.  on  which  the  graduated 
ence  of  the  earth.  Professor  Cum-  circle  is  drawn.  In  Nobili's  instrument, 
ming  employed  for  that  purpose  a  mag-  ii,g  j^^jg  „„  twenty-two  lines  long. 
netted  needle  placed  immediately  be-  twelve  wide,  and  six  high.  The  wire 
nealh  the  moveable  needle'.  Nobili  „as  of  copper,  covered  with  silk,  one- 
improved  upon  (his  idea  bv  altaching  ^ly^  ^j  ^  j,^  ;„  diameter,  and  from 
the  neutralising  needle  to  the  principal  twenty-nine  to  thirty  feet  in  length  ; 
one,  placing  them  one  above  the  other,  jatkmg  seyenty-two  revolutions  roond 
and  parallel  to  each  other,  but  wilh  the  frame.  The  needles  were  twenty. 
their  poles  in  opposite  directions.  They  ^^^  1,^^^  ■^gJ^^^  three  lines  wide,  a  quw 
are  fixed  by  being  passed  through  a  ter  of  a  line  thick,  and  they  were  placed 
straw,  suspended  from  a  thread,  as  in  „„  ^^^^  ^^y,  g,^  ijae,  ^^^  („„  ^^^^ 
the  apparatus  formerly  described.     The     other. 

distance  between  the  needles  is  such  as  (,20,)  The  adjustment  of  the  opposing 
to  allow  of  the  upper  coil  of  the  wires  polarities  of  the  two  needles  should  be 
to  pass  between  them,  an  opemng  being  suoh.thal  the  directive  power  oftheeom- 
purposely  left,  by  the  separation  of  the  bination  resulting  from  the  maenetism 
wires  at  the  middle  of  that  cod.  for  ^j  the  earth  is  very  nearly  balanced ; 
allowing  the  middle  of  the  straw  to  pass  ,he  compound  needle  being  allowed  to 
freely  through  it.  A  graduated  circle.  ,^,ain  only  sufficient  power  to  brine 
on  which  the  deviation  of  the  needle  is  it  to  a  constant  posihon  when  unin- 
•  Tr««cii<,«  rf  lb.  cuimdi.  PkUMduiuui  fiuenced  by  any  electrical  current.  But 
m»amr.  1-0.1.  f.t^  the  peculiar  excellence  of  the  oontrivance 
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i«,  that  both  iw«dlei  an  aoUd  upon  in  lurement.  If,  therefore,  a  perfsstljr  a<- 
the  lame  manner,  as  hr  as  the  rotatory  tatic  needle,  that  U,  one  which  retains 
tendency  ii  concerned,  by  the  adjoining  no  directive  power  whatever,  t>e  em- 
wirea.  The  lower  &eedle,  being  in  ttie  ployed,  it  will  be  necessary  to  find  some 
situation  limilar  to  that  in  the  aimple  othei  weak,  but  variable  and  essily-mea- 
■pparalui  already  desarTl>ed,  }  91,  is  lurable  force  to  obtain  this  equilibrium. 
a«led  upon  by  the  euid  of  the  forces  of  Such  a  force  is  that  of  torsion ;  and 
the  currents  in  every  part  of  the  coil,  accordinjily  the  greatest  degree  of  per- 
The  upper  needle,  placed,  with  regard  to  fection  attainable  in  the  measurement 
the  wires,  in  the  lame  situation  as  in  of  minute  electro-magnetic  forces,  would 
Mr.  Ritchie's  galvanometer,  is  acted  appear  tot>e  obtained  by  applying;  to  !he 
uponby  Uieexoeai  of  foros  in  the  upper  apparatus  of  Nobili,  the  needles  tieing 
current  which  is  nearest  to  k.  Ttiis  previously  rendered  perfectly  astatic, 
force  acts  upon  it  in  a  direction  the  the  {mnciple  of  the  torsion  suspension 
reverse  of  that  in  which  it  acts  upon  adopted  by  Mr.  Ritchie. 
the  lower  needle,  t)ecaase  it  is  situated  (laa.)  An  extension  of  the  principle 
on  the  opposite  side ;  but  since  the  poles  of  Nobili's  galvanometer  has  tteen  pro- 
are  also  in  a  rerersed  position,  the  rota-  posed  by  M^  Lebaillif ;  who  employs  a 
tory  action  becomes  the  same  in  its  combbation  of  four  needles  instead  of 
direction  on  both  needles.  Hence,  bs-  two;  one  pair  being  applied  to  the  upper 
■ides  the  increase  of  sensibility  in  ooR'  part  of  thecoil,!mdonepRirtothe  lower, 
sequence  of  the  removal  of  Ihegreatcr  inHiamannerexhibitedintheseclion,/^. 
part  of  the  opposing  foiee  derived  from  81,  where  N  S,  SN,  represent  the  upper 
the  magnetic  influence  of  the  earth,  we  Fig,  81, 
have  also  an  increase  of  power  from  the 
addition  of  the  upper  needle.    There  is 


also  a  convenience  in  employing  the 
upper  needie  as  an  index ;  for  by  allow- 
ing of  the  graduated  circle  l>eing  placed 
above,  instead  of  within  the  &une,  the 
folds  of  the  wire  may  be  brought  rnnoh 
nearer  to  each  other  than  in  the  com- 
mon instrument :  (his  renders  it  more 
compact,  and,  from  the  greater  approii- 
mation  of  the  lower  needles  to  the  wires, 
also  more  powerfiiL  The  estimation  of 
the  deflection  of  the  needle  by  reference 
to  the  graduated  circle,  can  also  be  more 
conveniently  made,  from  the  view  not 
being  obstructed  by  the  presence  of  the 
wires  above  the  needle,  as  in  the  ordi- 
nary construction.    It  is  hardly  neces-     imlr  nf  tK=  ™=~.,«*     (.■.■.- 

po>i,i.,.    Thi.  ™uM,  bo,„„,arf.J    «<.5T™h, "iASof  Ih.  .S   ; 

or?hi7h°K°.„  SiZ^ffu*'!"')"'    C»'  °"  ""  P™"""  °'  *•  Sl.1 
01  vinich  IS  to  measure  a  feeble  elec  ro-    The  axis  ittclf  <•    i„„n.,nj^  t.  _  IT 

but  .1,11  «t»g,«id,uKtpta,lootm«.    ,„,{i;f   lBord.,tolbrn5»SlS. 
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Lebaillif  employs,  instead  of  b.  Bing-le  hu  been  teimed  the  Drfferentiai  Galva- 
wire,  having,  for  inst&nce.  a  length  of  nometer.  Two  wires  of  equal  size  are 
300  feet,  five  paralld  mrei,  each  sixty  twisted  together,  eo  a»  to  form  a  coni' 
feel  long,  the  ends  of  which  are  stripped  pound  wire,  nhich  is  eiuled  round  the 
of  their  sitk  coverings  luid  united  in  a  compass  needle,  as  in  the  instruinentB 
bundle  hy  bein^  pressed  together  with  already  described ;  and  the  four  extre~ 
considerable  force.  In  this  nay  the  mities  of  the  wires  are  immersed  in  four 
elee'ric  current  which  enters  at  one  ex-  cupi  filled  vrilh  mercury.  By  this  means 
tremitj  is  divided  into  five  parts,  and  the  two  currents  which  are  to  be  com- 
made  to  flow,  as  it  were,  thraugh  five  pared  with  one  another,  may  be  trans- 
separate  channels.  It  is  alleged,  in  mitted  in  opposite  directions  throu^- 
favour  of  this  arrangement,  that  bythus  out  the  whole  extent  of  the  coil.  These 
mulliplying  the  channels  of  transmis-  oppositecurrents,actingupontheneedie 
sion,  a  proportionally  larger  quantity  of  under  precisely  similar  circumstancot, 
electricity  is  conveyed  ;  while  the  dimi-  will,  if  they  be  equal,  exactly  counteract 
nulion  of  intensity  arising  from  the  each  other,  and  the  needle  will  remain 
transmission  of  the  same  fractional  part  in  equiiibrio  t>etween  the  equal  and  con- 
of  that  current  which  passes  through  trary  forces ;  but  if  the  currents  be  un- 
one  of  The  wires,  along  a  great  length  of  equal  in  intensity,  the  needle  will  be 
wire,  is  avoided".  But  experiments  of  affected  only  by  their  difference,  which 
sufficient  extent,  and  conducted  with  it  will  therefore  indicate  by  its  move- 
sufficient  care,  appear  to  be  wanting  to    ments. 

enable  us  to  deduce  any  certain  conclu-  (136.)  When,  on  the  contrary,  ne 
lions  with  regard  to  this  subject.  The  wish  merely  to  ascertain  the  existence 
only  researches  on  this  point,  of  which  and  direction  of  an  electric  current,  it 
we  have  been  able  to  find  an  account,  becomes  an  object  to  bring  the  current 
Are  Iho^e  of  Dr.  Kaemti,  who  came  to  as  near  as  possible  to  the  needle,  so  that 
the  conclusion  that  the  power  of  the  its  action  on  the  polesmay  heeitremely 
instrument  to  deflect  the  needle  is  powerful.  The  following  form  has,  nnh 
exactly  in  proportion  to  the  number  of  this  view,  been  given  to  (he  Galvano- 
convolulions  of  the  wire:  six  convolu-  scope.  The  needle  is  suspended  from 
tioni  Kiving  six  times  the  power  of  one  its  centre  by  a  fine  thread,  l>etween  four 
convolution  t.  But  it  would  requtfe  a  vertical  spiral  coils,  the  centres  of  which 
much  more  extended  investigabon  to  are  brougbtvei;  near  lo  the  poles  of  the 
esialtUsh  such  a  principle,  and  to  fix  the  r-    (,„ 

limits  of  its  operation.  '*•  "■'• 

(123.)  The  advantage  arising  from 
the  employment  of  four  needles  mstead 
of  two,  in  Mr,  Lebaillifs  instrument, 
appears  extremely  dubious ;  for  it 
should  be  recoUecfed  that  if,  on  the  one 
hand,  greater  power  is  gained  by  the 
action  of  the  wire  on  the  additional 
needle,  an  equal  addition  is,  on  the 
other  hand,  made  to  the  weight  that  is  to 
be  moved;  so  that  probably  nothing  is 
thereby  gained  as  to  the  motion  inai- 
eating  that  power. 

(124.)  On  account  of  the  superior 
conducting  power  of  silver,  vrires  of  that 
metal  should  be  employed  in  preference 
to  those  of  copper ;  and  they  may  then 
be  even  as  slender  as  the  sixtieth  of  an 
inch  in  diameter,  which  will  allow  of  a 
greater  number  of  turns  being  included 
ID  the  same  space. 

(12S.)  For  the  purpose  of  comparing 
the  intensities  of  two  electrical  currents, 
an  instrument  has  been  contrived,  which    needle.    The  same  current  is  made  to 

—rz — ~    ' — r- circulate  through  all  the  four  spirals 

onf-'ilt^Lp!^™"  ''  "''"''"  ^"^"'  the  turns  of  which  are  direcled  so  as  to 
-  PLiwipiuai  uiiuLu,  igi.  iiiL.  p.  Ml.  produce  repulsion  of  the  contiguous  pole 
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onlheone<iide.ttndiitlractinnnfthexfLnie  while  the  loner  end  is  laid  hold  of  by 
pole  on  the  other  side.  This  arrange-  anolher  forceps  h;  each  forceps  termi' 
ment  is  shewn  \njig.  82,  where  M  is  the  nalini;  in  a  cup,  the  one,  P,  beinEr^ihove, 
magnet  suspended  by  the  thread  T,  be-  and  the  other,  N,  below,  for  esiHbliah- 
tween  the  four  spiral  discs,  composed  of  in^  the  communications  by  which  the 
the  convolutions  of  the  wire  proceeding  current  is  transmitted  Ibroiieh  the  sold- 
from  the  cup  P,  and  terminating  in  the  leaf.  The  whole  is  enclosed  in  a  tylin- 
cup  N.  In  each  disc,  the  force  acting  drical  glass  case,  the  middle  of  which  is 
perpendiculnrlyto theplaneof thedises,  placed  between  the  poles  oF  a  stroni; 
IS  muUipiied  i.i  proportion  to  the  num-  horse-shoemagnet  M  m.sothatlhegold- 
ber  of  (he  circumvolutions  of  the  wire;  leafmay  be  nearly  equidistant  from  them. 
and  the  spiral  turns  bein^  made  in  the  When  the  circuit  is  completed  through 
same  directions  in  all  the  discs,  their  the  gold-lear,  the  latter  will  be  attracted 
actions  will  concur  in  producing  in  the  or  repelled  kterally  by  the  poles  of 
needle  B  deviation  in  the  same  direction;  the  magnet,  according  as  the  current 
and  the  total  force  will  be  four  times  is  ascending  or  descending;  the  broad 
that  of  ft  single  disc.  This  arrHJigement  surface  of  the  leaf  becoming  convex 
allows  also  of  a  very  close  approxima-  towards  the  mapaet  in  the  one  case, 
tion  of  the  needle  to  the  discs,  and  concave  in  the  other.    The  curva- 

(]'27.)  The  lightness  and  extreme  ture  of  the  gold-leaf  may  he  viewed 
flexibility  of  gold  leaf  have  enabled  through  a  lens  in  a  direction  at  right 
electricians  to  employ  this  material  for  angles  to  the  line  of  its  motion,  and  may 
the  construction  of  a  very  sensible  elec-  be  referred  lo  a  line  line  drawn  upon  Ihe 
trometer.  (See  Electricity,  f  73.)  The  tube  in  the  direction  of  its  axis.  This 
same  properties  may  be  applied  with  instrument  is,  perhaps,  the  most  delicate 
(Treat  advantage  to  Ihe  purposes  of  a  test  possible  of  the  existence  and  direc- 
Galvanoaoope.  the  elecfro-magnelio  force  tion  of  a  weak  galvanic  current  *. 
of  the  current  l)eing  estimated,  not  by 

Ihe  movements  of  a  maenet  on  which  it  Chaptkb  IX. 

is  mnde  to  act,  but  by  those  of  a  move- 

aUe  conductor  through  which  it  is  trans-  Electro-magnetic  Effects  of  Terreitrial 
milted,  under  the  influence  of  a  power-  Magnelitm. 

ful  magnet.  The  construction  of  the  (128.)  Since  Ihe  earth  acts  as  if  it 
«o/i.;«./aiitMi>JO«cop«issimilarlothat  were  endowed  with  a  magnetic  power. 
of  Bennet's  electrometer,  excepHng  that  or  rather  as  if  it  contained  a  powerful 
the  leaf  is  single,  and  there  is  added  a  magnet  in  its  centre,  it  naturally  oc- 
forciz'ps  (o  retain  the  lower  end  of  the  curred  lo  Ihoie  who  explored  the  new 
gold-leaf,  and  complete  the  galvanic  realms  of  science  which  the  discovery 
circuit.  The  slip  of  gold-leaf  f,J?g.  83.  of  Oersted  had  laid  open,  that  a  cur- 
is  tiupended  loosely  from  Ihe  forceps/,  pent  of  voltaic  electricity  would  itself  be 
„.  influenced    by  the   magnetism   of   the 

'«■  °^  earth.     It  was  at  first  found  extremely 

difficult,  however,  to  devise  means  o'f 
rendering  this  action  visible,  in  con- 
sequence of  the  great  feebleness  of  the 
earth's  action,  eompared  with  that  of 
such  artificial  magnets  as  we  are  in  the 
habit  of  employing.  Ampere  at  length 
succeeded  in  obtaining  decisive  eviilence 
that  the  conducting  wire  possessed  a 
directive  power  by  the  following  con- 
trivance. Two  wires  A  and  B.Jig.  84, 
bent  at  right-anzles,  are  made  to  pass 
Ihrough  a  cyliadiical  piece  of  wood  C, 
fixed  at  the  end  of  an  arm  proceeding 
from  the  t>asis  of  the  apparatus.  They 
„  are  made  to  terminate  at  both  Fheir 

extremities  in  small  cnpi,  designed  to 
hold  mercury,  the  cups  P  and  N  bein^ 
intended  to  receive  the  wires  communi- 

•  CanuBlBBi  Muiu»l  DrEtcclrcDrumlciip.  IIS. 
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MtingwiQi  thepolM  of  the  voltaic  b«t-  iropn)Tenwntde8cribedm«l9,iialMeK. 
tery ;  and  the  other*,  n  and  p.  which  are  ceedit^ly  well' adapted  for  Ihe  exhibition 
placed  the  one  immediately  above  the  of  tha  directive  power  of  the  jralvanic 
current ;  for  in  consequence  of  Ihe  per- 
fect freedom  of  motion  allowed  it.  whiW 
floating  in  a  fluid,  it  very  readily  as- 
aume*  the  position  due  to  the  magnctir 
influence  of  the  earth.  Whentbe  pUtes 
are  immersed  in  acidulated  water,  as  ia 
It.  De  la  Rive's  original  esperiment,  Ihe 
g&s  liberated  by  the  action  of  Ihe  acid 
on  the  pUtei,  preventi  them  from  tak- 
iOK  a  iteady  position ;  but  when  put 
into  a  litth;  fioatin^  cell,  the  whole  rea- 
dily take*  the  pontion  above  mcntknied, 
and  even  slowly  vibrates  about  it.  The 
same  phenomenon  is  also  obtained  liy  the 
Btrangemenls  described  in  $  108  and 
$  109,  which  have  also  the  advanta^ 
of  exhibitinf;  the  strong  resemblaiM 
other,  receiving  Ihe  two  ends  of  the  wire  which  these  initrumenta,  actuated  aole^ 
W  W  w,  which  panes  through  a  small  hy  electrical  currents  resultingfrom  gal- 
piece  of  wood  at  8  and  is  bent  below  vaoic  action,  have  to  artificial  magneta. 
into  a  square  or  rectangle  R  R.  The  For  in  consequence  of  their  lengthened 
upper  point  of  the  wire  rests  on  the  cylindrical  form,  Ihe  magnetic  forces  are 
bottom  of  the  cupn;  the  lower  point  directed  along  the  axes,  and  Ihe  heliacal 
being  merely  made  to  dip  into  the  mer-  cylinder  places  itself,  like  amagnet,  with 
cury  in  the  cup p,  without  touching  it,  ita  axis  in  the  magnetic  meridian; 
so  that  the  whole  of  Ihe  wire,  with  its  whereas,  when  a  sbgle  circle,  or  com- 
connecttng  piece  S,  has  perfect  ^edom  binalion  of  circles  in  a  single  fJane  is 
of  motion  round  a  vertical  axis  passing  taken,  that  plane  will  arrange  itself  so 
through  the  point  of  support  in  t^e  up-  as  to  be  at  right  angles  to  the  plane  of 
permost  of  the  two  cups,  n.  When  a  'he  meridian,  that  is,  will  be  iu  a  plane 
connexion  is  made  with  the  ballery  by  passing  east  and-  weat ;  the  hot  of  the 
means  of  the  cups  P  and  N,  so  as  to  plane  only  looking  to  the  noith  and 
direct  an  electric  current  through  the    south. 

wireWWuj,  it  will,  from  the  extreme  (131.)  In  all  the  cases  above  de- 
delicacy  of  its  mode  of  suspension,  obey  scribed,  Ihe  multiplication  of  the  spiral 
the  magnetic  influenoeof  the  earth,  and  or  circular  turns  of  wire  is  nut  pr«- 
an-anee  itself  so  that  the  plane  of  the  ductive  of  the  advantage  that  might  lie 
rectangle  R  R  shall  be  perpendicular  lo  expected,  because,  as  aJready  remarked 
Ihe  plane  of  the  maj^ctic  meridian ;  with  regard  to  the  galvanometer  of  L,e- 
and  it  will  always  return  to  this  poiilion  baillit,  j  133,  although  the  power  is  in- 
when  turned  aside  Ihim  it  by  the  hand,  creased,  yet  the  weight  to  be  moved  by 
or  any  other  cause.  that  power  is  increased   nearly  in  the 

(129.)  Another  arrangement  which  same  proporfion;  and  the  resulting 
exhibits  Ihe  same  efiect  is  the  one  motion  is  therefore  nearly  the  same. 
already  described,  $  lOO.andrepresenled  (132.)  The  next  point  of  comparison 
in  _fig.  66 ;  where  the  electro- magnetic  between  the  action  of  the  earth  on  the 
force  is  increased  by  the  number  of  coils  conducting  wire,  and  on  the  magnetized 
composingthe  spiral  wire.  This.sptral,  needle,  relates  to  the  dip.  Since  the 
as  in  the  last  case,  immediately  assumes  direction  of  Ihe  force  of  terrestrial 
a  position  in  a  plane  perpendicular  to  magnetism  .is  in  a  line  situated  in  Ilie 
the  magnetic  meridian,  as  soon  as  it  is  magnetic  meridian,  and  inclined  about 
made  Ihe  channel  for  the  transmission  seventy  degrees  to  tlie  horizon,  the  ope- 
of  a  current  of  voltaic  electricity.  The  ration  of  this  force  on  a  Voltaic  wire, 
mode  of  suspension  here  described  is  bent  in  a  plane  so  as  to  describe  m. 
that  of  Professor  Van  den  Boss*.  circle,   square,  parallelogram,  or   an^ 

(130.)  The  apparatus  invented  bv  M.  other  figure  which  terminates  where  it 
DelaKive,  anadescril)ed  }  96,  with  the    commenced,    forming  what  has    been 

— — -     termed  a  doKd  dreutt,  is  to  bring  it 

«  Ko.  XII.        into  a  position  whwe  it  is  peipendieulic 
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to  thif  direction ;  th&t  ii,  perpendicular 
to  the  poiltlmi  of  the  dipping  needJe. 
(U3.)  The  following  yraa  the  appa- 
nhiSt  by  which  Ampere  succeeded  in 
exhibiting  the  effect  now  deicribed.    A 


bent  in  the  shape  of  a  rectanf^le 


,  pannnK  directly  across  the 
middle  of  its  longest  aides,  and  serving 
as  nn  axii.  The  two  shorter  sides  or 
ends  of  IhE  rectangle  are  supported  by  ■ 
liffht  wooden  beam,  B,  in  the  form  of  a 
lozenge,  the  middle  of  which  is  perfo- 
rated by  the  tube  Suit  mentioned.  One 
end  of  the  wire,  W,  whicii  forms  the 
rectani^e,  Is  fixed  to  a  steel  pivot,  which 
turns  hnriiontally  on  a  small  metallic 
plate  fixed  upon  the  top  of  an  upright 
metallic  pillar,  rising  f^om  the  aide  of 
the  basis  of  the  apparatus.  A  liltk 
mercury  is  laid  upon  the  plate  in  order 
to  rendfrthe  contact  more  perfect.  The 
wire,  after  it  has  completed  a  circuit  of 
the  rectangle,  and  returned  to  the  aame 

Eoint  W,  where  it  had  commenced  it,  is 
ent  ao  as  to  pass  through  the  tube,  and 
to  come  out  at  the  other  end,  »,  where 
it  terminates  m  another  steel  point, 
turning  in  a  like  manner  upon  a  me- 
tallic plate,  fixed  on  the  top  of  a  pillar 
on  the  other  side  of  the  apparatus.  The 
lower  ends  of  both  pillars,  where  they 
are  fixed  to  the  stand,  are  continuous 
with  wires  aupportingcupa  with  mercury, 
i  and  N,  in  the  usual  manner.  On  esta- 
Ujishing  a  communication  between  the 
Voltaic  battery  and  the  cups,  the  electric 
current  will  aacend  in  the  pillar  which 
is  next  (0  the  pobitive  pole  of  (he  bat- 
tery, and  circulating  alon^  the  rec- 
tangular wire,  will  pass  out  by  its  other 
■xtremity,  duoend  by  the  other  pillar. 


and  make  its  exit  through  the  cup  on 
that  side.  As  the  rectangle  is  at  perfect 
lil>erly  to  imove  around  the  axis  formed 
by  the  two  points  by  which  it  rests  on 
the  plates,  and  thii  axis  l>eing  hori* 
lontal,  it  will  be  limited  to  a  vertical 
motion.  If  the  axis  of  motion  be  placed 
so  aa  to  be  at  nght  angles  to  the  mag* 
nftic  meridian,  uid  the  moveable  part 
of  the  apparatus  be  exactly  balanced, 
so  as  to  retain  anv  position  in  which  it 
may  be  placed,  tnen  on  directing  fhe 
eleotiio  current  through  the  wires,  the 
rectangle  will,  after  a  few  oscillations 
place  itieif  steadily  in  the  plane  of  the 
magnetic  equator;  that  is,  in  a  plane 
perpendicular  to  the  line  of  the  dip; 
being  the  exact  position  which  the 
theory  would  assign  to  it.  On  reversing 
the  direction  of  the  ourrent,  the  mag- 
netic polarity  of  the  wire  becomes  im 
mediately  reveraed,  and  turns  completely 
round,  so  as  still  to  place  itself  m  the 
same  plane  as  before,  out  with  it«  faces 
turned  in  opposite  directions  to  those 
th(y  before  assumed. 

(134.)  It  is  evident  that,  by  adopt! ni; 
a  similar  mode  of  suspension,  a  voltaic 
magnet,  formed  by  a  heliacal  coil  of  wire, 
OS  described  in  $  105,  would  exhibit  the 
phenrmena  of  the  dippinf;  needle,  as 
completely  as  a  magnetized  needle. 

(Ids.)  Thus  has  the  analogy  between 
the  action  of  terrestrial  magnetism  on 
wires  conducting  an  electric  current,  and 
magnetized  needles,  been  complelely 
establiihed.  We  have  next  to  inquire 
whether  a  straight  wire  is  affected  by 
the  earth  in  the  same  manner  a.i  it 
would  t>e  by  the  corresponding  pole  of 
a  magnet  pEaced  near  it.  In  cider  to 
make  this  comparison,  we  must  first 
clearly  deduce  from  the  theory  formerly 
laid  down,  what  effects  are  to  be  ex- 
pected on  a  straight  conducting  wire 
from  the  magnetism  of  the  earth,  or 
what  is  equivalent  to  it,  from  a  south 
magnetic  pole,  acting  at  an  indefinile 
distance,  in  the  diieetion  of  the  line  of 
the  dip.  The  electro- magnetic  force 
being  tangential,  is  exerted  at  right 
angles  to  tliis  direction,  which  is  that  of 
the  line  connecting  the  wire  with  the 
magnetic  pole,  or  origin  of  the  force. 
Its  action  upon  a  current,  whether  as- 
cending or  descending,  which  moves  in 
this  exact  line,  or  the  line  of  the  dip,  is 
reduced  to  nothing :  and  it  must  act 
with  greateat  intensity  upon  a  current 
which  moves  in  a  direction  perpeu' 
dicular  to  ttie  line  of  the  dip.  Now> 
in  otdor  that  ft  ilnight  win  nxVi^nlt' 
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perpendicular  lo  this  line,  it  must  b« 
aitualed  in  the  plane  of  the  mai^etii: 
equator.  Such,  then;  is  the  direclioQ 
in  nhioh  it  receifci  the  full  influence  of 
tile  earth's  ma^elhm;  and  this  influ- 
ence is  exerted  in  argini;  it  to  move  in 
a  direction  parallel  to  itself,  and  at  the 
same  time  perpendicular  lo  the  line  of 
the  dip;  that  is,  it  tends  to  continue  in 
the  plane  of  the  maenetic  equator.  The 
direction  of  its  motion  to  the  one  side 
or  the  otiier  must  depend  altoj^ther 
upon  the  course  of  the  electric  current 
which  is  passing  through  it.  It  the 
wire,  for  example,  be  placed  horiiontaily, 
and  have  the  direction  of  the  raa^^etic 
east  and  west,  and  the  current  of  posi- 
tive electricity  he  flowing  through  it 
(rnm  west  to  east,  the  tendency  lo  mo- 
tion in  the  wire,  in  consequence  of  tlie 
influence  of  the  e»rlh,  which  acts  like  a 
■outh  pule,  is  towards  the  north,  that 
is  ateending  in  the  plane  ol  the  mag- 
netic equnlor,  which  plane,  it  may  he 
recollected,  dips  downwards  towards  the 
soulli,  with  an  inclination  to  the  horizon 
of  about  twenty  degrees,  equal  to  the 
complement  of  the  dip. 

This  will  be  more  clearly  under- 
stood by  reference  to  fig.  B6,  in  which 
N,  E,  3,  W  represents  a  horizontal 
plane.  D  d.  which  has  an  indinalion 
to  this  plane  of  70°,  is  the  line  of  dip, 
to  which  the  plane  M  X,  representing 
the  plane  of  the  ma^jneiic  equator,  is 
perpendicular.  W  £  is  a  straight  por- 
tion of  condncling  wire,  along  which  an 


Fig.SS. 


electric  current  is  flowing  in  the  direc- 
tion from  W  to  E.  Under  these  cir 
cumstances,  the  effect  of  the  electro- 
maenetic  force  exerted  by  the  earlli  is 
til  give  the  wire  a  tendency  to  move 
parallel  to  itself,  in  the  plane  M  /E.and 
towards  M,  as  denoted  by  the  arron ; 
so  that  were  it  at  liberty  to  oliey  this 
impulse,  it  would    next  be  found  lo 


occupy  (he  position  marked  by  tbe  dotted 

line  toe.  If  the  electric  current  hwl 
been  made  to  pass  from  E  lo  W,  the 
dLrection  of  the  motion  would  have 
been  altered,  and  the  wire  would  har« 
moved  downwards  in  the  ssme  plane, 
si  ill,  however,  preserving  its  paral- 
lelism. 

(136.)  If  the  wire  extend  in  the  ms>e- 
netie  plane  from  north  lo  south,  as, 
for  instance,  along  the  line  M  X  in 
J!g.  87,  N  S,  as  before,  being  the  hori- 
lontal  plane :  and  if  the  electric  cur- 
rent movejn  the  direction  M  j^.lhat  is. 

Fig.  87. 


from  north  to  south,  the  wire  will  tend 
to  move  towards  tbe  east,  as  shewn  by 
the  arrow,  stili  keeping  in  the  same 
plane,  and  remaining  parallel  to  itself. 
if,  on  the  contrary,  the  current  move 
from  south  to  north,  the  wire  will  be 
impelled  to  move  from  east  to  west. 

It  need  hardly  be  observed  Ihat  ail 
these  statements  relate  to  what  happens 
in  the  northern  magnetic  hemisphere  of 
the  earth,  and  when  the  dip  is  alxiut  70 
degreea,  as  is  the  case  in  England.  In 
the  southern  hemisphere,  where  the 
northern  polarity  of  the  earth  iz  in  ac- 
tivity, the  effects  are  of  course  reversed. 
At  the  magnetic  equator,  where  the  dip 
is  nothing,  the  plane  M  M  is  perpendi- 
cular lo  the  horizon,  and  the  tendency 
lo  motion  of  a  honzontal  wire  mutt  be 
directly  upwards,  or  directly  downwards; 
and  the  eflkct  of  the  terrestrial  mag- 
netism mustbemerelythat  of  opposing 
or  (^inspiring  with  gravitation,  thnl  is  of 
producing  either  an  increase  or  adiminu- 
tion  in  tl^  apparent  weight  of  Ihe  wire. 
In  these  high  latitudes  the  inclination  of 
the  magnetic  equator  to  Ihe  horizon  is 
too  small  to  produce  an^y  very  sensible 
effect  of  this  kind.  It  has,  however, 
been  rendered  perceptible  in  very  nice 
expentnenls 

(137.)  In  consequence  of  the  plane  of 
the  magnetic  eqiialor  being  not  very  far 
removed  from  a  horizontal  plane,  wires 
placed  horiaontally,  and  bein.;  tree  to 
move  in  a  horizontal  plane,  may  lie 
made  toexhibit  the  actions  of  terrestrial 
magaeUsm  without  much  difficulty.  Mr- 
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Andi^  luceeedcd  in  obteinine  thia 
eSbct  in  the  fotlowing  mRnner*.  A 
piece  of  copper  nire,  about  .  049  of  an 
iiah  thick,  uid  fatu'leen  inches  long,  has 
an  inch  &t  each  extremity  bent  at  right 
Msfes  in  the  same  direcbon,  as  shown 
at  W 10,  in  fig.  88,  and  the  ends  amal- 
gamated; the  nire  is  then  to  be  sus- 


Fig.m. 


S ended  htH^zontalJy,  by  a  long  cUk 
iread  (,  from  the  ceiling.  Two  groovea 
G  g  are  cul  in  the  sides  of  a  rectan§[ular 
piece  of  hard  wood,  parallel  to  the  sides, 
and  about  half  an  inch  in  depth,  and 
filled  with  mercury.  P  and  N  are  wires 
fixed  in  the  board,  paasin^  tach  into  its 
reipiectiTe  groove,  to  as  to  come  in  con- 
tact  with  the  mercury,  and  terminating 
at  their  other  ends  in  cups  for  making 
the  connexions  with  the  voltaic  battery. 
The  points  of  the  wires  are  now  to  be 
slightly  immersed  in  the  mercury  con- 
tained in  the  respective  grooves  ;  and  in 
order  to  obviate  the  inconvenience  aris- 


ing lirom  the  film  of  oxide  which  is  apt 
to  formnpon  the  surface  of  the  mercury, 
and  impede  the  motion  of  the  wires,  it  i> 
advisable  to  cover  the  surface  with  a 
stratum  uf  diluted  nitric  add,  which,  by 
dissolving  the  oxide,  removes  thii  at>- 
stacie  to  free  motion.  As  soon  as  the 
connexions  are  made  with  the  battery, 
and  the  electric  current 'passes  along  the 
wire,  it  will  be  seen  to  move  lateiilly, 
being  carried  across  the  field  until  the 
points  strike  against  the  ends  of  the 
grooves.  On  breaking  the  connexion, 
the  wire  resumes  its  tint  position  ;  on 
restoring  it.  motion  is  agam  produced. 
On  changing  the  position  of  the  appa- 
ratus with  respect  tu  the  points  of  the 
compass,  the  same  effect  still  takes 
place;  and  the  direction  of  the  motion 
IS  always  the  same  relatively  to  (he  wire, 
or  rather  to  the  current  passing  through 
it,  t>ejng  at  right  angles  to  it.  Thus, 
when  the  wire  is  east  and  west,  and  the 
electric  current  flowing  from  west  to 
east,  the  motion  is  towards  the  north ; 
when  the  ciurent  passes  from  east  to 
west,  the  motion  is  towards  the  south. 
When  the  wire  hangs  north  and  south, 
v^d  the  current  moves  from  north  to 
south,  the  wiie  ii  directed  towards  the 
east,  and  when  the  current  is  reversed, 
towards  the  west.  In  intermediate  posi- 
tions the  motions  of  the  wire  are  in  in- 
termediate directions. 

(138,)  These  different  motions  cor- 
responding to  the  difierent  positions  of 
the  wire,  and  directions  of  the  currtst. 
are  exhibited  by  the  lines  in  ^t,  89,  in 
which  N  and  S  express  Iba  north  and 
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Hnci  tbtn  Ihe  dinctioa  of  U«  oumnt  of  en  inch  in  diUDetcr.  *nd  to.  Mdjm 

intJwwiw;  tnd  the  »bort  tirows  pro-  long,  weU  unilgarnKteii  aU  over,  wu 

oeedmtc  Ittenlly  from  the  niiddle,  the  hunR  by  a  loop  to  Bnother  piece  of  the 

direction  of  the  mobon  induced  in  the  Bwnewire,  itW.we /%.  90.  so  »ito»i- 

y^„  low  ofvary  free  motion  ;andititower«nd 

(139.)  It  ii  evident  that,  in  ill  these  w,  wm  Ihriut  through  %  naiU  irieoe  of 
cues,  the  wire  i«  movini;  in  obedienee 

to  the  MUM  Iftw,  whLoh  produce  the  Fig.  90. 
nrolution  of  a  win  round  ft  magnetia 
p^  hi  Mr.  Fanday'e  first  experiment 
an  magnetic  TotRtiona.almulydeecribcd 
<$  it).  It  ii  a  direct  and  neeea- 
Mr;  inference  from  this  taw,  that 
wen  the  two  troughs  of  mercury 
oontinaed  to  erer  lo  great  a  Imgth, 
and  even  were  they  carried  round 
ttM  globe  in  a  circle  round  (he  acting 
magnetic  pole  of  the  earth,  the  wire 
would  continue  to  move  along  them, 
aiid  after  describing  the  whole  circle, 
and  retumit^  from  the  point  at  which 
it  had  set  ouC  would  resume  its  course, 

and  perform  perpetual  revolutions.    In  \D 
the  *eiy  limited  space  compatible  with 

actual  experiment,  the  wire  appears  to  corit,  hi  order  to  render  it  buoyant  when 

more  in  a  plane ;  but  theory  shews  that  placed  on  mercury.    A  eIus  basin,  teii 

it  u  in  reality  a  small  pwtian  of  a  cy-  joches  in  diameler,  was  filled  with  pure 

linder,  of  which  the  radius  is  the  du-  clean  mercury,  and  a  little  dilute  acid 

tiMSE  of  the  magnetic  pole  of  the  esrth  poured  on  its  surbce.    The  thick  wire 

from  the  whe.  It  isamusinE  to  compare  which  communicated  with  one  of  (he  poles 

this  incipientrevolution  of  toe  wire  with  of  the    Toltaic  battery  was  then  hunf; 

the  complete  rotations  effected  in  expe-  over  the  centre  of  Ihe  glass  basin,  and 

riments  with  artificial  ma^ets;  ai)d,  de^aessed  so  low,  that  the  thin  moveable 

considering  it  as  part  of  a  similar  expe-  wire,  having  its  lower  end  resting  on  the 

riment  upon  a  mut^  vaster  scale,  to  surface  of  the  mercury,  made  an  an^ 

view  the  wu«    as    setting  out  on  its  of  about  40  degrees  with  the  hmion. 

vovageofcircumnavigationof  theglobe.  On  the  circuit  through  the   mercury 

although  it  is  in  the  next  moment  ar-  being  completed,  the  wire  immediately 

rested  in  its  progress.  began  to  move  and  rotate,  and  continued, 

(140.)  It  is  also  a  consequence  dedu-  whilst  the  connexions  were  preserved, 

dble  from  the  same  Ian,  that  the  force  to  describe  a  cone,  which  though  its  axis 

by  which  the  horizontal  conducting  wire  was  perpendicular,  had,  evidently,  from 

is  urged  is  the  same  in  all  azimulha.  the  varying  rapidi^  of  its  motion,  re- 

<UI.)  Areal  rotation,  visible  in  aJI  latlon   lo   a  line  W  D,  pvallel  to  the 

its  course,   may  however  be  erhibited,  dippin^-needle.asbeing  that  of  Ihe  force 

ax  the  effect  of  terrestrial  msgnelism.  by  which  it  Wasactuated.   The  direction 

This  has  been  accomplished  also  by  Mr.  of  the  motion  was,  of  course,  the  same 

Faraday,  who,  reflecting  that  in  the  ex-  as  that   communicated  in   die    expe- 

periment  of  rotation  round  the  pde  of  a  riment  described  j  64,  when  a  south 

magnet,  the  pole  is  perpendicular  to  but  pole   is   placed  tieneath  Ihe  apparatus. 

a  small  portion  of  the  wire,  and  more  or  If  the  centre  from  which  the  wire  hung 

less  oblique  to  the  rest,  thought  it  pro-  was  elevated,  until  the  inclination  of 

bable  that  a  wire,  very  delicately  hung  the  wire  was  equal  to  that  of  the  dip. 

and  connected,  might  be  made  to  rotate  no  motion  took  place  when  the  wire  was 

round  the   Une   of  dip   by   the  earth's  parallel  to  the  dip;  and  if  the  wire  was 

magnetism  alone  ;  the  upper  part  being  less  inclined  than  the  dip,  the  motion  in 

restrsjned  lo  a  point,  in  ttie  line  of  Ihe  one  part  of  Ihe  circle  capable  of  bemg 

dip,  and  the  lower  being  made  to  move  described  t^thelowerendwasreversed; 

in  a  circle  surrounding  it.    With  this  results  that  necessarily  fcdlow  from  tbi 
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idfttion  brtiTMD  the  dip  ud  the  moTing 

wire*. 

(142.)  ItiieTidentthatb^restrainini; 
the  motion  of  one  of  the  ends  of  the 
horizontal  wire  in  the  experiment  de- 
scribed in  $  137,  and  represented  in 
^.  HS,  Ml  u  to  render  that  end  a  fixed 
axil,  and  profidins  a  circuJar  mercurial 
trough  fat  the  otfier  end  to  more  in, 
the  same  force  which  produced  a  paral- 
lel progressive  motion  in  the  fonner 
case,  will  now  produee  a  rotatory  mo- 
tion  ;  because  the  force  producing  a 
horiiontal  motion  is  the  same  in  all 
portions  of  the  wire.  This  equality  is 
proved  by  making  the  experiment  with 
two  connected  horizontal  wires  instead 
of  one ;  placing  them  the  one  imme- 
diately above  the  other,  each  beine 
furnished  with  its  separate  mercurial 
trough,  into  which  the  moveable  end 
may  dip.  This  arrangement  is  repre- 
sented in  fig.  91,  where  the  current 
entering  by  the  cup  P,  and  travers- 
ing the  mercury  in  the  upper  trough, 
ascends  through  the  wire  A,  passes 
on  through  the  upper  horiiontal  wire 
to  the  central  Aire  C,  placed  in  the 


Pig-9\. 


TDoving  from  the  cinumfereDoe  to  the 
centre  in  the  upper  horizontal  wire,  ti 
exactly  counleroalanced  by  an  opposite 
rotatory  force  in  the  lower  wire,  in  whioh 
the  current  passes  from  the  centre  to 
the  circumference;  and  as  this  equsdity 
is  preserved  in  every  azimuth,  it  follows 
that  the  rotate^  force  is  constant  in 
every  position  of^the  wire. 

(143.)  A  vertical  current  in  a  con- 
ductor moveable  round  a  vertical  axia 
is  also  impressed  by  the  influence  of  the 
earth  witn  a  horizontal  force,  which 
carries  it  towards  the  magnetic  east, 
when  the  current  is  descending,  and 
towards  the  west  when  it  is  ascending. 
Thii  will  be  made  apparent  by  suspend- 
ing a  wire  bent  as  shown  in^.  92,  A, 
and  terminatina;  above  and  below  in  the 
points  P  and  N,  for  the  purpose  of  being 
placed  in  their  respective  cups,  and 
Fig.  n.  A. 


1 


-gt 


uda  of  iuapensi 


descends,  and  passes  outwardJy 
through  the  lower  horizontal  wire,  and 
thence  through  the  mercury  in  the 
lower  trough,  to  the  cup  N,  whence  it 
escapes  to  the  voltaic  battery.  When 
this  has  been  effected,  it  is  found  that 
the  suspended  wires  exhibit  no  tendency 
to  rotate,  in  whatever  aiimulh  they  may 
be  placed.  Hence  it  may  be  inferred 
that  the  tendency  to  revolution  which 
the  earth  communicate*  to  the  current 

■  Qnutcrli  JooMl  sf  etlcDce,  XII.  4ia 


balanced  t)y  a  counleipoise,  i>.  When 
the  current  is  passed  throaeh  this  wire, 
the  direction  of  its  course  along  the  two 
horizontal  branches,  H  and  h,  being  op- 
posite, will  counterbalance  each  otner; 
but  that  in  the  vertical  portion,  V,  will 
take  a  position  either  to  the  east  or  west 
of  the  axis,  according  as  the  current 
descends  or  ascends  through  it. 

(144.)  If  the  wire,  instead  of  having 
the  shape  just  shown,  has  the  figure  of 
a  complete  square  or  parallelcnram,  as 
shown  in  fig.  92,  B,  the  second  verdcal 
branch  will  conspire  with  the  Srst  in 
making  the  wire  assume  the  same  po> 
sition.  namely,  that  in  which  the  current 
descends,  (as  V,)  to  the  east,  and  that 
in  which  it  ascends,  (v.)  to  the  west. 

(14S.)  From  an  attentive  considera- 
tion of  the  facts  that  have  now  been 
stated,  we  are  enabled  to  understand  why 
a  vertical  circular  current,  urged  by  lti« 
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the  foroet  aie  b  eqnilQKiaiB.  Ibe 
nahire  of  thii  eauUibrium  nill  tppew 
from^.  94,  in  wiuch  Uie  circle  i«  repre- 
■ented  as  seen  (rom  kbove ;  and  the 
UTOWi  pcHnt  out  the  horimnt&l  directioa 
of  the  forces,  which  when  the  cdrde  i*  in 
the  line  W  E  pus  throu^  the  TBttioI 
uIb  and  are  eucti;  balaiwed.  The  same 
letters  denote  the  coneap(»idiDg  point* 
in  the  two  figurei. 

Fig.  94. 


electro-magnetic  farce  of  the  earth, 
tends  to  BjTB.nge  itself  in  the  plane  of 
the  magnetic  equator.  If  at  Iibert]'  to 
do  so,  it  mil  assume  thia  position  ;  but 
if  its  motion  be  restricted  to  any  other 
directions,  it  will  place  itself  as  nearly 
U  possible  in  that  plane,  Tf,  for  in- 
stance, it  be  constrained  bj  a  veitioal 
axis  to  turn  horizont^y  only,  it  will 
place  itself  in  a  plane  perpendicular  to 
that  of  the  ma^etic  meridian ;  that  is, 
directed  east  and  west,  or  fronting  to 
the  north  and  south.  In  its  movements 
to  attain  this  position,  it  is  urged  by  the 
tendencies  of  the  currents,  in  as  &r  as 
their  motion  is  vertical,  whether  ascend- 
ing or  descending ;  for  the  tendencies  of 
the  horiiontal  jwitions  exactly  halanca 
one  another,  and  produce  no  rotatory 
effect  Thusif  in  thecircleAD.^.  93, 
which  (urns  on  the  vertical  axis,  X  Y, 
the  current  descend  in  the  branch  D, 
•nd  Bjccnd  in  the  branch  A,  the  former 
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(146.)  When,  on  the  olho- hand,  the 
axis  of  revolution  is  horizontal,  and  the 
motion  vertical,  the  position  is  detei- 
nuned  by  the  forces  that  act  on  the 
boriiontal  parts  of  the  circle,  which  now 
conspire  in  determining  a  rotation  to- 
wards the  plane  of  the  magnetic  equa- 
tor, if  the  plane  of  motion  coincide  witb 
the  ma^etic  meridian ;  or  if  not,  as 
near  to  it  as  the  restrictions  to  the  mo- 
tion will  allow. 

(147.)  On  the  whole,  then,  it  appean 
that  a  heliacal  coil,  such  U  that  de 
scribed  in  $  los,  balanced  on  its  centre, 
will  assume  all  the  positions,  and  ex- 
hibit all  the  directive  properties  of  the 
magnetic  neelle. 

Chaptek  X. 
Electro-Magnetic  Induction. 


win  be  impelled  in  the  direction  D  E, 
and  the  Utter  in  the  direction  A  W,  by 
forces  which  cease  only  when  they  have 
attained  the  positions  E  and  W.  The 
horiiontal  portions  at  X  and  Y  neu- 
tralize each  other,  with  regard  to  their 
rotatory  tendency.  Hence  the  circle 
will  revolve  until  it  takes  the  twsition. 
■bown  by  the  circle  at  £  and  W,  where 


(14S.)  Thus  hrwe  have  c 
the  electro-magnetic  phenomena  that 
result  from  the  teciprocal  action  of  gal- 
vanic currents  on  ma^eliied  bodies. 
We  have  next  to  examine  that  class  of 
effects  which  arise  from  the  action  af 
the  former  on  iron,  or  other  ferruginona 
bodies  that  have  not  previously  been 
rendered  magnetic.  Experiment  has 
proved  that  a  conducline  wire,  during 
tlie  passage  of  an  electric  current 
through  it,  lends  to  induce  magnetism 
in  sucl)  bodies  as  are  in  the  vicinity,  and 
in  which  that  state  is  capable  of  biiag 
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exatcd.    Jhduetion,  thereTore,  ia  one  of  direction!,  placed  them  in  fbe  ele»<tnca] 

the  pdienomena  of  electro-magnelum,  circuit  of  a  battery  of  thirty  pairs  of 

and  must  be  enumerated   among  the  plates  of  nine  inches  hy  five,  and  tried 

properties  of  electricity  in  motion.  their  magnetiam  by  nieana  of  iron  filingi. 

(I49.J  It  was  discovered  bolh  by  Sir  They  were   all  magnetic ;     those  that 

Humphry  Davy  and   by  Mr.  Arago,  were    parallel    to    the  nire    attracted 

nearly  at  the  same  time,  that  the  con-  filings  in  the  same  way  as  the  wire  it- 

necline;  wire  of  a  galvanic  battery  hai  a  self ;  but  those  in  transverse  directions 

sensible  attraction  for  iron  filings,  and  exlubitedeach  two  poles.  Alltheneedle* 

that  it  will  hold  them  suspended  like  that  were  placed  under  the  wire  when 

an  artificial  magnet,  as   long  as  the  the  positive  end  of  the  battery  was  east, 

electric  current  circulates  through  the  had  their  north  poles  on  the  south  side 

wire ;  but  the  moment  the  galvanic  cir-  of  the  wire,  and  their  south  poUa  on  the 

cuit  is  interrupted,  the  action  ceases,  nortli  side ;  while  those  that  were  over 

and  the  filings  immediately  fall  off.     In  the  wire   hcJ  their  south  poles  to  the 

Sir  H.  Davv's  experiments,  the  filings  south,  and   their   north   poles  to  the 

adhered  to  the  wire  connecting  the  poles  north;  and  this  was  the  case  whatever 

of  a  voltaic  apparatus,  consisting;  of  a  was  the  inclination  of  ttie  needles  to  the 

hundred  pairs  of  plates  of  four  inches,  horiioo.     On  breaking  the   connexion, 

in  such  considerable  quantities  as  to  all  the  steel  needles  triat  were  on  the 

form  a  mass  round  it  ten  or  twelve  wire  in  a  transverse  direction  retained 

times  the  thickness  of  the  wire*,  their  magnetism,  which  was  as  powerful 

T^e  transverse  magnetic  action  of  the  as  ever,  whilst  those  that  were  paralld 
electric  current  upon  iron  in  its  VKinity  to  the  silver  wire  appeared  to  lose  it  at 
is  beaulifalty  illustrated  bytfae  following  the  same  time  aa  the  wire  itself. 
experiments,  which  were  devised  by  (151.)  All  the  needles  placed  trani- 
Mr.  Watkins,  and  which  he  was  so  versely  ttndtr  the  communicating  wire, 
cbliging  as  to  show  us.  A  copper  wire  the  positive  end  being  on  the  right  hand, 
of  considerable  thickness  is  extended  had  their  north  poles  turned  towardi 
between  the  poles  of  a  voltaic  battery  ;  ttie  foce  of  the  operator;  and  those 
and  upon  sifting  over  it  very  gently  some  o&we  the  wire,  their  south  poles.  Con- 
fine iron  filings,  they  are  observed  to  tact  with  the  wires  was  not  at  all  neces- 
adhere  to  the  wire  all  raund  its  circum-  saryforthemagnetiiationoftheneedles; 
Terence,  in  the  form  of  distinct  trans-  for  this  effect  is  produced  inslanla- 
verqe  bands,  the  particles  of  which  rou-  neously,  by  the  mere  juxtaposition  of 
lunlly  cohere,  as  long  aa  the  current  is  the  needle  in  a  transverse  direction,  and 
maintained.  When  a  broad  and  thin  that  through  very  thick  plates  of  glass. 
copper  ribbon  is  substituted  for  the  wire  A  needle  tnat  had  been  placed  merely 
aa  the  conductor  of  the  voltaic  electri-  for  an  instant  in  this  transverse  dircc- 
city,  and  iron  filings  are  carefully  sifted  tion  with  regard  to  the  wire,  was  ren- 
upon  it  in  small  quantities,  they  are  dered  as  powerful  a  magnet  as  one  that 
seen  to  Arrange  themselves  in  parallel  had  long  Deen  in  communication  with  ll. 
lines  at  right  angles  to  the  length  of  the  (1S2.)  The  intensity  of  the  induced 
ribtxin ;  and  their  magnetic  properties  magnetism  was  found  to  be  propor- 
are  further  evinced  by  the  quick  changes  tional  to  the  quantity  of  electricity  trans- 
of  position  and  general  disturlMuice  oc-  mitted  through  the  wire  in  a  given  time, 
casioned  by  the  approach  of  «  magnet  Hence  a  whre  electrified  by  a  common 
brought  underneath  the  conducting  machine,  however  powerful,  produces 
plate.  no  sensible  effect;  a  feeble  magnelism 

(190.)  It  might  naturally  be  expected  only  is  obtained  by  the  reception  of 

from  these  experiments  with  soft  iron,  laige  sparks  :  but  on  passing  the  dis- 

that    steel,   under  the    same   circum-  chat^  from  a  Leyden  battery  through 


stances,  would  receive  a  permanent  the  wire,  the  needles  placed  transversely 
ignelism.  Sir  Humphry  Davy,  hav-  to  the  wire  are  rendered  permanently 
;  fastened  several  steel  needles,  in    magnetic.    The  discharge  of  an  electn- 


different  directions,  by  fine  silver  wire,  cal  battery  of  seventeen   square  feet, 

to  a  wire  of  the  same  metal,  of  about  highly  chuged,  through  a  silver  wire  of 

the  thirtieth  of  an  inch  in  thickness,  and  the  twentieth  of  an  inch  in  thickness, 

eleven  inches  long,  some  parallel,  others  rendered  bars  of  steel  two  inches  long 

transverse,  above  and  bdow,  in  difterent  and  from  one-twenlieth  to  one- tenth  of 

^ an  inch  in  thickness,  so  mtgnetic,  as  to 

si.p.s.  enable  them  to  attrsot  tavl  pifecei  of 
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■tad  wire  or  ncedlw ;  wid  the  «Kleet  by  k  ooverii^  of  lilk,  or  otW  non-ooR- 
wmi  eonununieated  to  a.  dittinoe  of  five  ducting  material.  When  the  wire  ia 
inohei  above  or  below  laleraUy  from  the  made  part  of  the  galvanic  circiiit  of  a 
wire,  tliroogh  water,  or  thick  plates  of  battery,  even  of  moderate  power,  the 
glass  or  metal  eleetfically  insulated.  iron  a  rendered  powofully  magnetic, 

(Its.)  The  efficacy  of  electro-mac-  and  will  lift  up  a  very  heavy  weight  by 
nelic  induction  is,  as  mi^t  be  espect^,  means  of  a  piece  of  nxin  applied  to  its 
greatly  increased  by  employing  a  helia-  poles,  which  act  preusely  lilie  those  of 
eel  coil  of  wire,  and  placing  the  needle  a  horse-shoe  msgnet.  Ag.  99  exhilnts 
or  bar  to  be  magnetiied  in  ttw  axis  of  an  arrangement  of  this  kind ;  W  u>  being 
the  helix,  in  the  liluation  represented  in  the  tiro  ends  of  tbe  wire,  owled  round 
J^.  67.  Mr,  Arago  first  employed  this  the  iron  to  be  magnetiied,  and  bent  so 
iMthod,  and  waa  enaUed  to  produoe  the  as  to  dip  into  the  cups  P  and  N,  for 
maximum  effieet  on  the  needle  almoel  ia-  forming  connexiois  with  a  battery. 
stantaDeonaly.  It  is  not  neoessanr,  how>  «_  gj 

ever,  that  thebartobemagnetiiecf  should  ** 

Iw  exactly  in  tbe  axis  of  the  bdix,  aa  it 
nay  lie  in  any  situation  within  it,  or  be 
indWd  in  a  tube  of  glaia,  or  of  any 
other  malerisl  which  is  not  a  good  eon- 
doctor  of  electricity.  Sudi  a  tube  will 
also  be  convenient  as  a  support  lor  ttie 
otnla  of  the  wire,  as  well  as  for  admitting 
of  (he  introduction  of  different  needles  in 
suGcesaion.  The  needle  should  not  be 
allowed  to  remain  beyond  a  moment  in 
tbe  tube,  for  the  magTwliiing  effeota  of 


tbe  tube,  for  tbe  magnetuing  etUota  tt 
Iha  helix  are  produced  near^  iiulv)t»> 
neooily ;  and  it  si>metinet  happens  that 
if  the  needle  be  left  there  a  few  minuteS) 
tbe  pdaiity  it  had  at  first  acquired  bo 
oooM*  impaired,  or  confused,  and  even 
occasionony  destroyed. 


occasionally  destroyed.  b^i^Sl 

(1£4.>  If  a  long  steelwirebe  plaoed  .     "^v^. 

m  the  axis  of  a  helix,  the  direction  of       OS'-l    This    expenment    hw   b*en 


tbe  turns  of  which  ohwige  at  difierent  »"de  upon  a  very  large  scale  by  Pro- 
points,  the  wire  wUl  be  lound  to  have  a  f<^*or  Moll  with  wi  apparatus  con- 
number  of  consecutive  points,  oorre-  •'nwted  by  Mr.  Watkins*.  It  con- 
•ponding  to  those  atwlueh  these  changes  »'•'«!  of  a  cylinder  of  soft  English 
lake  place.  Ton,  an  inch  in  aiameter.    bent  into 

(ISS.)  Mr.  Walkins  observes  that  the  'h<:  fo™  of  a  horse -shoe,  the  interval 
needle  to  be  magoetiied,  if  it  be  not  between  the  ends  being  eight  inches 
very  hard,  need  not  have  its  whole  »;nd  »■  .h»Jf-  The  copper  «ire  forming 
length  inserted  into  the  glass  tube  ;  for  'n^  «piral  was  one-eigMh  of  so  inch  m 
if  held  in  the  hand  lo  thst  only  half  of  diameter,  and  made  eiRhtv-three  convo- 
it  ia  within  the  belix.  it  will  become  lul'ons;  Ihe  weight  of  the  whole  was 
magnetic  equally  with  one  thai  lias  hve  pounds.  A  connecting  piece  of  iron 
been  wholly  acled  upon :  becauie  the  «»«  pl«M<i  "n  contact  with  the  two  ex- 
portion  of  the  needle  Ihat  has  received  tremities  of  the  horse-shoe  ;  and  the 
the  magnetism  communioatM  it  to  the  '""Is  of  me  spiral  wire  dipped  in  mer- 
olher  portion.  When  a  small  part  of  a  cury,  so  as  lo  furm  a  voltaic  circuit  with 
needle,  very  highly  tempered,  is  intro-  »  "™P\«,  bat tety.  consisting  of  a  sine 
dueed  into  the  glass  tube,  the  induced  Pl»'«.  «'"<='i  exposed  a  surface  of  eleven 
magnebim  wiU  te  found  to  extend  to  square  feet  to  a  very  diluted  mixture  of 
about  twice  the  length  of  the  part  so  solphunc  and  nitric  acids,  in  a  copper 
inlioduced  '^"-    ^^  ""^  ^"^  experiment  the  ap- 

(IS6.)    A  very  powerful   temporary  P^T^'""  sustained,   first,    fifty  pounds, 

magnet  may  be  obtained  by  bending  a  *"«  afterwards,   v.ilh  rare,  sevenly-six 

thick  oylinder  of  soft  iron  into  the  form  pounds,  by  the  magnetism  induced  upon 

of  a  horse-shoe,  and  surrounding  it  with  '*■ „,^     ,,        .  .  ^  .  ,  . 

a  ooU  of  thick  copper  wire,  aecured  from  <li8.)  When  the  weight  suspended  to 
wnununicatuMi  among  iU  several  parts  .  au«iin,«  V^niwitt.  U», ».  l& 
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je  bu  of  iron  is  mull,  it  is  fona  of  »  hone-shoe.     Kra  buKlMd 

found  that  th«  iron  ntaiai  its  magnet-  and  forty  feet  of  ciqtper  bell-i*in  «u 

iim  for  some  time  lAer  the  voltaic  com-  wound  round  it,  in  nme  coils  of  liztjr 

mnnleation  it  brokM.    If,  instead  of  feat  each.    These  ochIi  were  not  «»- 

merelv  braaking    the   ooonexion,    the  tinuad  from  one  end  of  the  tiu^(net  to 

eketnc  poles  are  ohangad  to  ai  to  re-  the  other,  but  each  of  them  was  wonod 

Yeraa  the  direction  of  ttie  current,  then  round  a  portion  of  the  horae-shoa  about 

the  revCTsion  of  the  magnetism  takes  an  in^  in  lei^th,  leaving  the  ends  of 

place  with  extraordinary  rapidity.    The  the  woes  prqeotiiig,  aod  jxt^ariy  mun- 

wei^.  indeed,  hlls  off,  but  is  instantly  bered.  The  altonata  ends  were  MMered 

again  attracted  and  sustained  with  the  to  a  copper  ^linder,  and  the  others  to 

tame  tbroe  as  bafbra.    The  rapidity  of  a  smaller  cylinder  of  noe,  eontainfaif; 

this  ehange  is  the  mme  eitraordinsry  only  two-fifths  of  a  square  foot,  and 

wlien  it  it  compared  «rith  the  sk>wneu  forraing  a   voltaic    airangcmeat    with 

and  difficulty  of  chan^cln!;  the  poles  of  a  dilute  add.    When  the  armatuTe  of  soft 

magnet  of  equal  foroe  by  the  ordinary  iron  was  plaoad  across  the  ends  of  the 

dmUkkL    If,  instead  of  a  heavy  weight,  liorse-shoe,  it  was  found  capable  of  sup- 

alight  steel  needle  be  in  contact  with  porting  6;>0  pounds;    an    astonishing 

the  polea  of  the  deetro-magnet,  the  effect  for  so  small  a  Iwtlery,  which  re- 

needie  never  foils  off;  the  attractive  quired  a  charEe  of  only  half  a  pint  of 

force  being  destroyed  and  r»-eatabliihad  dilute  acid.    Wilb  a  larger  battery,  the 

before  ttte  weight  of  the  needle  has  time  weight  sustained  was  TSOpounds,  which 

to  efliNt  its  removal.  seemed  to  be  the  maximum  of  magnetic 

(1S9.)  An  exInKHnlinary  sensation  is  power  that  eouM  be  devek^ied  in  that 

ezperieneed  when  the  [oece  of  soft  iron  bar  by  voltaic  electricity.    It  is  remark- 

connaotinn  the  polea  is  held  in  the  hand  able  that  whan  the  ends  of  the  wirei  were 

during  this  ehuige.    At  fint  a  pown^  united  so  as  to  form  a  oonlinuous  wire 

fol  attraction  is  nit ;  this  on  a  sudden  of  640  feet,  the  weight  raised  was  only 

fUls,  and  the  iron  gives  way;  but  tiie  143  pounds 

foroe  is  so  instanlaneouily  renewed,  that        In  a  subsequent  experiment,  a  mas- 

tha  hand  is  violently  drawn  up  again  by  net  was  wound  with  twenty-six  stnnds 

an  attraction  as  strong  a*  before    The  of  copper  ball-wire,  covered  with  cotton 

moment  the  voltaio  circuit  is  completed,  thread,   thirty-one    feet   long ;    about 

the  iron  is  magnetiiBd  to  a  maximum,  eighteen  inches  of  the  ends  were  left 

and  sustains  its  greatest  wei^t.    No  projecting,  so  that  only   twenty<eiglit 

inereaM  of  magnetie  poirer  is  obained  feet  of  each   actually  surrounded  the 

by  augmenting  the  force  of  the  voltaic  iron.    The  aggregata  length  of  the  coil 

battery.  was,  tberefore,  7S8  feet.    £ach  strand 

( 1 60.)  With  a  largn  horse-shoe  ma^-  was  wound  on  a  little  less  than  an  inch ; 

net  o(  aoft  iron,  weighing  twenty-sa  intbe  naiddleof  thehorse-shoe  iKonued 

pounds,  and  of  which  the  diameter  was  three  thicknesses  of  wire ;  and  on  tlie 

two  inches  and  a  }ialf,  the  chord  of  the  ends,  or  near  the  poles,  it  was  wound  so 

arc  bdiv  twelve  inches  and  a  halt  and  as  to  tbrm    six  thickncstes.    With  a 

the  spi^  wire  beii^  of  brass,  one-eigfalfa  battery  nearly  five  feet   square,    this 

of  an  inch  in  diameter,  and   making  aieetro-rasgnet  sujtpended  2M3  pounds, 

forty-four  turns,  and  with   the   same  or  nearly  a  ton  weight.    This  appears 

voltaio  battery  as  in  the  former  cxperi-  to  be  the  most  powerful  nngte  magnet 

ment,  the  magnet  lui^rted  139  pounds,  ever  const  rucied,  either  by  the  ordinary 

Wbra  an  iron  wire  was  used,  instead  of  modes  of  magnetising  iImI  tiars,  or  by 

a  brass  one,  this  was  inereajed  to  194  the  voltaic  current, 
pounds.  (162.)    Trials    were    also    made    to 

(Ifll.)  However  great  these  efiboti  procure    a    small    temporary   ma^et, 

may  appear,  they  are  much  increased  which  should  raise  the  greatest  weight, 

bj  augmenting  the   number  of  eoils,  compared  with  its    own    weight.     A 

without  extendiitt  the  length  of  the  small  horse-shoe  of  round  iron,  slightly 

wire.    Profeasor  Heniy,  of  the  Albany  flattened,  one  inch  in  length,  and  six 

Academ,  in  the  United  States,  and  Dr.  tenths  of  an  inch  in  diameter,  wound 

TnBy«,eapkiy«d  for  the  construction  round  with  three  feet  of  brass  wire, 

of  the  magnet  a  soft  iron  bar,  two  in  raised,  t^means  of  a  (^lindrical  battery, 

ebes  iquare,  and  twentr  inches  long,  43D  times  its  own  weight.    Sir  Isaac 

baving  the  edges  rounded,  bent  into  the  Newton  deseribea  a  magnet  weighing 
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tiiTM  tfnini,  which  he  nore  in  a  riag.    spiTal,  while  the  interraimj;  p 

and  wntdi  is  said  to  have  raised  74G  form  filanientt  inclinin);;  from  the  centre 
fFraini,  or  3&0  limes  its  ownweif^t,  and  in  proportion  to  their  distance  from  it*, 
this  it  the  gnate*t  reJative  strei^h  of  The  reason  of  this  mill  be  evident  from 
uiy  magnet  yet  recorded.  It  ii  evident,  the  principle  explained  in  $  50. 
thmfbre,  (hat  a  much  greater  degree  of  (164.)  There  appears  to  he  a  ttTj 
magnetinnean  be  developed  in  soft  iron,  essentiaJ  difference  in  the  effects  of  ttie 
l)y  a  galvanic  current,  tnan  in  steel  of  shock  of  an  deethcal  batteiy  dischaiged 
tM  same  dimensions,  by  the  ordinajy  through  a  vrire,  and  that  of  a  voltaic 
[Roeesies  of  ma^etising*.  battery,  in  communicating  permanent 
Mr.  Walkins  informs  us  that,  in  order  magnetism  to  steel  bars  or  needles.  Hr. 
to  oblun  ma|;neti  of  anjr  power  b;  the  Sayaiy  has  brought  to  light  several  very 
above  deKnbed  method,  great  care  curious  puticulars  relating  to  this  sub- 
most  he  taken  to  ensure  11k  purity  of  ject,  which  have  hitherto  received  no 
the  iron  employed  to  form  the  horse-  explanation  t.  When  the  discharge 
shoe  magnet;  and  ailer  it  has  been  from  a  Leyden  battery  is  made  through 
weUed  and  reduced  to  thenroper  shape,  a  straight  wire,  diSbrent  needles,  though 
it  is  advisable,  in  order  tnorougtily  to  equal  in  sik,  and  parallei  to  eAch  otlter, 
destroy  any  magnetism  it  may  have  ac-  and  placed  transversely  on  the  aame 
cidentally  acquired  and  retained  dnrinz  side  tif  the  wire,  but  at  different  dis- 
tbe  process,  to  heat  it  in  a  furnace,  ana  tancei^  have  their  polsjilies  not  disposed 
afterward*  cool  it  very  gradually,  bv  in  all  of  them  in  the  same  manner.  In 
allowing  it  to  remain  undiaturb^  tiU  some  tlw  poles  have  the  same  relative 
the  furnace  itaelt  has  grown  cold.  But,  situation  as  those  of  a  needle  previously 
even  after  every  precaution  has  Iwen  magneliied,  and  free  to  move,  wtudi 
taken  to  ensure  success,  we  are  still  lia-  has  taken  the  position  it  would  have 
ble  to  t>e  baffled  by  causes  which  we  when  u^der  the  infiuence  of  a  continued 
cannot  explain,  and  which,  when  all  cir-  voltaic  current  passing  in  the  same  di- 
cumstances  seem  to  be  tlie  same,  pro-  rection  elon^  the  wire, 
duce  great  and  unexpected  variations  But  in  others  the  position  of  the  in- 
in  the  reiults.  It  should  t>e  borne  in  duced  poles  is  the  reverse  of  this.  For 
mind,  indeed,  that  similar  embarrass-  the  sak<^  of  conciseness  of  expression, 
menis  are  often  experienced  in  conduct-  we  shall  call  the  action  which  produces 
ing  almost  every  other  experiment  in  an  arrangement  of  poles  similar  to  that 
eleciro -magnetism,  their  results  appear-  resultinn  from  a  voltaic  current, po*i(itJe 
ing  to  be  more  or  less  capricious  in  tn(^Ti«fiZEiAon,'thecontraryeffect  beii^ 
proportion  as  the  conditions  necessary  that  o(  negative  ma0nelization.  Tbtis, 
to  be  fulfilled,  before  uniformity  can  be  in  a  series  of  experiments  in  which  the 
obtained,  are  numerous  and  dehcale.  needles  were  placed  ai  distances  ham 
(183.)  Thebest  farm  of  a  conducting-  the  wire  which  increased  by  equal  in- 
wire  for  exhibiting  its  attraction  for  iron  tervals,  at  the  point  of  contact  with  the 
filines  is  that  of  a  flat  spiral  coil,  similar  wire  the  needle  was  magnetized  posi- 
to  what  is  represented  m  fg.  GG,  which,  lively,  at  a  small  distance  negatively ; 
however,  for  this  purpose  need  not  be  a  little  further  off  it  had  acquired  no 
rendered  moveable.  A  wire  of  this  magnetism  whatever;  at  a  distance 
form,  through  which  an  electric  current  somewhat  greater  than  this,  it  exhibited 
is  made  to  circulate,  will  collect  a  pro-  positive  magnetism ;  and  this  fStct  con- 
digious  quantity  of  iron  filings,  and  linued  for  a  certain  interval,  beyortd 
their  relative  positions  and  arrange-  which  the  magnetization  was  again  ne- 
ment,  while  they  remain  attached,  pre-  gative.  When  still  more  remote,  it  mms 
sent  many  s insular  appearances.  If  the  positive,  and  continued  so  to  all  greater 
rings  of  wire  are  not  continued  quite  to  distances  that  were  tried.  Hence  the 
the  centre,  but  leave  an  opening  there,  action  appears  to  be  periodical  with  re- 
Ihe  pariides  of  iron  are  observed  to  lationto  the  distance  at  which  it  is  ex- 
arrange   themselves   in   lines,  prassing  erted. 

through  (he  ring  parallel  lothe  axis,  and  (16S.)  The  number  of  periods  in  thes« 

then  closing  up  as  radii  round  the  edge,  alternations,  as  well  as  tne  distancea  at 

The  particles  of  iron  in  the  centre  erect  which  they  occur,  appear  to  depend  uptm 

themselves  into  a  perpendicular  fila-  a  variety  of  circumstance*  ot  which  it 

numt,  in  the  direction  of  the  axis  of  the 

.  „.„. — r-, : .  .    .  . r-rr-  •  w»(HM,Pi>ira]»rBk« 

»iiimu'>  Jonrul.  «D»1  »  till  JooruJ  gf  Iha  b.  «. 
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i«  difficult  fo  appreciate  singly  Ihe  effect':  meet  with  the  inlercepling  property,  if 

■uch  as  the  intensity  of  the  electric  did-  the   interposed  aubstanee  ia   composed 

chaiT^,  the  length  of  the  straight  wire,  or   concentric  layers   consisting   alter- 

ita  diameter,  Ihe  thickness  of  the  needles,  nalely  of  metallic  and  of   non-metalhc 

and  their  degree  ot  coercive  force.    In  bodies.    It  would  Ihence  appear  that 

peneral,  when  the  wires  are  very  slender,  solutions  of  continuity  in  a  direction  per- 

and  the  coercive   force  of  the  needles  pendicular  to  the  axis  of  the  needle,  or 

feeble,  the  periodical  alternations  above  to  the  axis  of  the  helix,  have  a  consi- 

nollced    are    less    numerous ;    and   it  derable   influence   on  the  magnetizing 

even  frequently    happens,    with   these  effects  of  the  latter  upon  the  former. 

conditions,  that    the    magnetization    is  An  influence  of  a  similar  kind  has  been 

every  where  positive,  and  that  the  only  observed  from  metallic  plates  of  different 

differences  observaltle  at  different  stages  thickness,  placed  in  contact  with  a  needle 

of  distance,  are  those  of  greater  or  less  properly    disposed    with    regard  to  a 

intensity.  straight  conducting  wire  receiving  the 

(166.)  When  the  disctiarge  bom  the  discharge  of  an  electric  battery;  being 

electric  battery  is  transmitted  through  found,  accordingto  their  sizeorposition, 

a  wire  coiled  info  the  form  ot  a  helix  to  modify  the  intensity  and  even  the 

around  glass  or  wooden  tubes,  a  similar  direction  of  the  magnetism  acquired  by 

diversity  is  met  with  in  the  effects  pro-  the  needle. 

duced  on  different  needles  successively  (16B.)  All  these  phenomena  appear 
placed  in  the  interior  of  the  tut)es.  and  to  depend  on  the  suddenness  of  the 
m  different  situations  relative  to  the  action  exerted  by  the  electric  shock, 
axis.  By  varying  the  intensity  ot  the  either  directly  on  the  particles  it  meet* 
charge  of  the  battery,  or  the  length  or  with  in  its  course,  or  on  objects  Ihat  are 
thickness  of  the  needles,  the  nature  of  situated  at  a  distance  in  the  surrounding 
the  result  is  chan^d.  The  maximum  space.  But  the  direction  of  the  mag* 
of  magnetic  intensity  which  mav  t>e  pro-  netiiation,  as  to  its  being  of  the  positive 
duced  by  a  given  wire,  depends  on  the  or  negative  kind,  depends  essentially  on 
ratio  between  its  thickness  and  its  the  intensity  of  the  discharge;  so  that 
length ;  so  that  the  d^^ee  of  magna-  discharges  of  different  intensities  devc- 
titation  amounting  to  saturation,  bears  bpe  in  the  metal  a  set  of  opposite 
a  relation  to  the  value  of  this  ratio.  The  states  analogous  to  the  polarities  of  con- 
degree  of  magnetic  power  that  a  needle  traiy  signs,  acquired  at  different  dis- 
receives  from  the  influence  of  an  electric  tances  from  a  conducting  wire,  or  by 
discharire,  and  even  the  direction  of  its  diSerent  intensities  of  electricity, 
magnetizfttion,  depend  also  on  the  na- 
ture and  the  dimensions  of  the  bodies 

that  are  in  contact  with  it,  or  that  aur-  Chapisr  XI. 

round  it. 

(167.)  The  majmetiiing  influence  of  a  Mutuol  Action!  of  Electric  Currenti. 
helix  through  which  an  electric  dis- 
charge is  passed,  is  completely  inter-  j  i._ 
cepted  1^  a  cylinder  of  copper,  of  suffi- 
cient thickness,  inclosing  the  needle, 
and  introduced  within  the  helix.  When  (169.)  The  discovery  of  Oersted,  and 
the  interposed  cylinder  is  of  less  thick-  iJ]  the  consequences  we  have  developed 
ness,  some  magnetic  effect  becomes  from  the  fundamental  law  that  appears 
perceptible ;  and  when  (he  thickness  of  to  r^ulate  the  reciprocal  action  ba- 
the copper  cylinder  is  still  farther  re-  tween  electric  currents  and  magnetic 
duced,  the  needle  is  rendered  even  more  bodies,  l>elong  to  Ihat  division  of  the 
strongly  magnetic  than  when  exposed  to  subject  to  which  the  term  Eleciro-Mag- 
the  action  ollhe  helix  without  any  inter-  tietxtm  is  more  properly  applied:  for 
posed  substance.  Tin,  iron,  and  silver,  they  refer  to  the  relation  subsisting  be- 
placed  round  the  needle,  produce  a  si-  tween  the  two  agencies  of  electricity 
milar  modification  of  Ihe  electro-mag-  and  ot  magnetism,  which  we  have  been 
netic  action  of  tlie  helix ;  when  inter-  accustomed  to  consider  as  distinct  from 
posed  in  very  thin  plates,  they  inea-ease  one  another.  But  electric  currents  are 
Ibis  action  ;  when  of  aceriain  thickness,  also  found  lo  have  a  mutual  action  on 
they  entirely  intercept  it.  Cylinders  one  another:  and  this  general  fact, 
composed  of  metallic  fliinga  do  not  which  was  ascertained  by  Amp£re,  soon 
produce  this  effect ;  whereas  vre  again  after  the  discovery  of  Oersted,  esta- 
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UidMd  «»th«  mat  diTiiion  of  tht    eups,  and  i«r»e  uptvoU  round  wUch 

fcSrf  U  no  loi  proMo  in  iU  coo-  right  nngla,  are  m«i.  to  ton  .t  11» 

-^mI^.  .n<i  imoortint  in  its  npolioa-  upp«  part  ot  Uicir  vertical   Iwanctiea. 

S^  St  Tta  mS'f^.  bSa/mall  hole.  drUM  ti^oogk  thm 

Siid    in    in..ati«atin..      To    thi.  tOr  that  purpo.i     meac  w«a.  Ihu. 

Eihof  th.  .object  Am^r.  lia.  giYon  hnng  frrf,  upon  tlnnr  pmO  cai^r  o" 

tl»  naoe  of  Eui.o-nYlAW.o..  «>"  "PP"  and.  anall  -ojhH  .Inch. 

It"  1  Whlo  So  condocling  »ire.  bringing  He  centre. ot  urartyj.  neu, ■ 

ari  ■u.oended  or  .opported  io  .ocb  a  a.  po.«bl.mcomc.deooe  with  tbe  point. 

SnJnC  to  be  c.Sblc  of  moving,  ot.uapen.ion  enable  them  to  be  moved 

Srtoward.  otlromoneuiolhcr.St  b,  .  vei,  .light  force.     0.ond™hng 

th™  me  "ha  elitric  cnrreot.  are  pa..-  »ir...  proceeding  from  a  voKaio  batterr. 

Sg  tS;ghth.o..th.,oaniie.taan-  «•  "'■'■.„»f"*S  "1°  '5!  f.^l 

a    1    .._  .  ™  n>  Kiiiiii.inn  Bnpnrdina  viously  filled  With  mercurv,  in  tuch  a 

"b*  c™u  °i^T^^°in  fte  S  m"..i  fat  the  gah.nic  fmr^t  rtid, 

"  ta  op».°t,  direction?  in  the  two  p^  m  th,  ™e  5ire«,o»  ftro.gh  b«th 

wire..    TU.  action  i.  variondy  modi-  the  paraUel  vrn^.;  the  moment  this  u 

Jed.  when  the  relBiv.  iocUnation.  and  done,  the  .ore.    move  ta.»ji.   ejch 

pSlion.  of  Ihecorrent.  are  varied.  other,  even  from  a  di.laoc.  of  jcvcr^ 

(iSl  )  We  shall  begin  bj  considering  mchos,  •Jhibiting  »  po.ertnl    oMoal 

thesinplJrtcu..-Si.th.tin..hicE  attraction.  When  the  cnrrenls  ar.  lr«ia 

tKl"ocir«nl.a.«ronninginparallel  mi»ed  in  dmotion,  opposite  to  each 

SnicOon.     The  attr«!tion  tr  repnlsion  ether  m  the  t.o  i.m».  wkch  *«)■  »■! 

SfSSt;.  oSr  lEcircomslaoce^  be  made  to  do  b,  ban.p«i«  the  com- 

Sm™!^?S  .xemplill«l  in  a  gnat  m««cati"g  irire.  mjerted  into  he  cn^ 

r^nsirf^L  «.SS  SveK  .»v»bl.,ire,  immrii.lel,r»»d.fh.m 
Si.  llie  iSra  in  the  appaiatna  d»  each  other,  mandasbng  a  repnl«on  u 
SJi  ir3™d"44.  y^ds  «>d    PO"..fnl  as  th.  attraction  ...  m  the 

Sr^.ntB\.nche.  .nScientljne.,  .    'H^J:^^^'''^^^^:^^^ 
fltraight  wire,  through  wl 
GUrreDt  is  also  pftsuDg. 
The  following  is  also  an  apparatus 

for ,b. «2«' "Ji''';™"; *■; S;j.  ^-,Si;ii;io.iive tb,-ipp.„t,i. .. 

«SS^5s;  £;Sa^s^r£^ 

^3  l^vin^Trow  of  holes  (or  re-  be  also  suspended  in  such  a  w»m  to 
"'.,  ;  ^  4_„  n„  ...t,  n;«.B  ihB  occasion  th*  smallest  amount  of  mction. 
cewagfowcupfc  two  on  ewh  piece,  the    ^,^^  ^^^^^  ^  p,^„  „^  ^o  en- 

Kg.  96.  cumber  the  conductors,  or  the  magnetic 

bars  which  are  to  be  set  in  motion,  with 
any  superfluous  material*  capable  of 
adding  lo  their  weight ;  and  we  should 
avoid  such  dispositions  as  require  them 
to  move  in  opposition  to  their  own  gra- 
vity. The  surfaces  which  are  intended 
to  move  through  mercury  should  be  as 
mucli  as  possible  reduced ;  not  only  on 
account  of  the  friction  which  lakes  plac« 
between  the  solid  and  the  fluid,  but  also 
because  the  surface  of  the  mercury  r 


formed  opposes  considerable  ri 
dUtaDOM  of  which  from  each  other  may    to  the  motion  of  a  solid  body,  and  greatly 
by  means  of  these  holes  be  Taried  at    impedes  the  mechanical  action  of  tbs 

C«suie.    Shortwire»,a.a,a,o,proceed    appaiatut.    In  general,  it  will  be  found 
[iiontaUy  from  the  bottoms  of  tbe    that  a  vertical  suspension  by  a  punt  a 
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preferable  to  luipension  by  a  faohiontal  Dumu  hava  adwiecd  •  flmilBr  theory 
axis,  ax  the  former  occaiions  lew  fric-  of  muscular  eontrttction,  founded  on  « 
tion.  Thus  Mr.  Wathini  finds,  that  the  supposed  distribution  of  nervous  fila- 
attractions  andrepiilsionsofnires  trans-  ments,  through  which  they  ima^t  ■ 
nilting  vollaio  currents  are  exhibited  current  of  eleolricitj  is  sent,  for  the 
with  mora  facility  when  they  are  sua-  purpose  of  determimag  the  action  that 
p«ndad  vertically,  their  two  ends  termi-  precedes  contraclion.  This  theory,  they 
natinjt  re»pwlivBly  in  upper  and  lower  conceive,  is  supported  by  microscopio 
oiatems.  than  when  turning  horiionlally,  olnervationi ;  but  it  is  far  too  hypo- 
as  in  the  apparatus  exhibited  in  Ihe  pre  thelicai  in  its  present  form  to  dcMrve 
ceding  figure.  serious  discussion. 

These  attractions  and  repulsions  <1T4.)  The  ^nerol  fact  of  Ihe  mutual 
may  also  l>e  exhibited  with  a  very  feo-  action  of  electric  currents  btmg  esta- 
ble  current  of  electricity,  by  means  blished  by  these  and  similar  experi- 
of  the  |[old-leaf  galvanoscope,  already  menti,  we  mnst  proceed  to  consider  the 
dflscribed,  i  127.  By  removin);  the  different  modi&^ona  it  receives  by,a 
maffnet,  and  inserting  within  the  instni-  variation  of  turcumstanoes  r^iarding  the 
ment  a  thick  wire,  inclosed  within  a  quality  and  direction  of  Ihe  currents, 
class  tulM.  parallel  and  near  tn  the  gold  (i7S.)  We  possess  as  yet  but  an  im- 
leaf,  a  strong  current  may  be  passed  perfect  knowledge  of  the  peculiar  affeo- 
throuEih  the  wire,  at  Ihe  same  time  that  lions  which  electricity  experiences  when 
B  feeble  current  is  transmitted  through  in  mobon,  and  which  enable  it  to  exert 
the  gold  leaf,  which  will  then  exhibit  the  the  singular  specie*  of  action  we  are 
attractions  or  repulsions  of  parallel  cur-  hweinveitigatrng,  so  different  from  ita 
rents,  according  as  they  are  in  the  same  attractive  and  repuUve  powers  when  at 
or  in  opposite  directions;  for  these  rest,  lliese  two  classes  of  effect*  ob^ 
actions  taue  place  equally  whether  the  law*  not  only  difflBTeat,  but  in  some  re- 
two  currents  are  obtaineu  from  sepa-  spects  of  an  entirel)[  opposite  nature, 
rate  voltaic  combinations,  or  whether  Accumulated  electricity,  when  not  in 
they  are  merely  two  portions  of  thl^  motion,  aola  in  a  d^;ree  proporiioned 
■ame  current  in  different  i>arta  of  Ua  to  its  tension ;  but  the  wires,  which  are 
course.  silently  conducting  a  current  of  eleo- 
(173.)  This  latter  ease  occurs  when-  tticity  in  motion,  exhibit  no  sign  what- 
ever a  wire  is  coiled  round  in  a  spiral  ever  of  eledrtc  tension ;  they  produce 
or  heliacal  form,  so  as  to  bring  different  no  change  in  Ihe  electrometer,  and 
portions  of  the  same  current,  passing  in  neither  stiract  nor  repel  light  bodies  in 
the  same  direction,  very  near  to  one  their  vicinity.  The  law  of  action  in  the 
another.  It  occurred  to  the  author  of  state  nf  rest  Is,  that  dissimilar  electrici- 
this  treatise,  soon  after  heaxing  of  Am-  ties  allracl,  and  similar  electricities  re- 
p£re's  discovery  of  the  attraction  of  pel  one  another.  When  in  motion,  on 
electrical  currents,  that  it  might  be  {he  contrary,  it  is  between  similar  cur- 
possible  to  render  the  attraction  between  rents,  that  Is,  currents  moving  in  a 
the  successive  and  parallel  turns  of  a  similar  manner,  that  atlraotion  take* 
heliacal  coil  very  sensible,  if  the  wires  place;  while  a  mutual  repulsion  is  ex- 
were  sufficiently  flexible  and  elastic;  erted  between  dissimilar  currents.  The 
uid,  with  the  assistance  of  Mr.  Faraday,  electro-statical  eftcis  of  dectric  tension 
this  conjecture  was  put  to  the  test  o£  cease  when  the  atmospheric  pressure 
experiment,  in  the  laboratory  of  the  is  removed ;  but  the  eleolnMlyaamical 
Royal  Institution,  A  slender  hnrpsi-  effects  of  currents  take  place  equally 
chord-wiie  bent  into  a  helix,  being  whether  the  conductor  be  surrounded  1^ 
^aced  in  the  voltaic  circuit,  instantly  the  air  or  plaoed  in  smcsm. 
shorlened  itself  whenever  the  electric  (176.)  Sinoe  the  eff^s  of  electric 
stream  was  sent  through  it ;  but  n-  currents  are  the  oonsequenoes  of  the 
covered  its  former  dimensions  the  mo-  motion  of  the  electricity,  it  is  natural  to 
ment  the  current  wae  intermitted,  It  supposethatthey  will  be  in  proportion  to 
was  supposed  that  possibly  some  analogy  the  velocity  with  which  it  moves,  as  well 
may  hereafter  be  found  to  exist  between  as  to  the  quantity  that  is  set  in  motion, 
thii  phenomenon  and  the  contraction  of  But  we  are  in  utter  ignorance  of  the 
muscular  fibres,  which  seems  to  be  real  velocity  with  which  the  electrical 
regulated  by  some  properties  of  the  effects  are  propamted  along  a  conduct 
nervous  system,  not  unlike  those  of  ing  body,  during  the  completion  of  the 
electric  asency.     Menrt.  Prevost  and  voltaic  circuit:  nor  do  we  even  knot*   i 
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vhelher  thia  velocity  vftrles  in  different    of  cinrent*    upon   one   another,   it  is 
CKMi,  nor  have  ne  ui;  distinct  idea  of    necessary  to  consider  the  total  adion  of 


!  likely  to  produce  e&ch  ss  multing  from  the  comlnned 
lueh  variation.  We  cm  perceive,  how-  Rctions  of  every  one  of  its  parts.  As 
ever,  that  the  mode  of  transmissioo  ha*  it  is  not  possible  to  institute  a  direct 
a  considerable  influence  on  the  results,  measurement  of  thosie  elemenlaiy  forces 
The  cmrents  transmitted  b;  perfect  exerted  by  each  indefinitely  nnall  par- 
conductors  are  conlinuout;  that  is,  lion,  the  one  upon  the  other,  the  inquiry 
theirinlensityiseither constant, orvaries  can  only  be  made  by  assumine  •omo 
insensibly  during  tvco  consecutive  in-  hypothesisrelative  to  thelaw  ofdiniinij^ 
stanls.  When  the  conductors  are  im-  lion  according  to  distance,  and  prose- 
perfect,  the  currents  are  diKontimMut ;  cutinf;  the  consequences  of  su^  an 
for  the  electricity  is  allowed  to  accumu-  hypothecs,  \ihen  applied  to  audi  finite 
late  for  a  certain  time,  and  unlil  the  portions  of  current  as  occur  in  our 
insulating'  force  is  overcome,  when  it  experiments,  and  to  compare  them  with 
escapes,  and  passes  on  with  a  sudden  actual  observation,  their  accwilsjwe 
impulse,  analoipus  to  an  explosion,  with  which  wili  be  a  test  of  the  sdmis- 
The  electro-motive  power  continuinf;  to  sibUity  of  the  hypothesis, 
act,  fn*^  "se  to  a  second  accumulation,  (1 79.)  Guided  by  the  analogy  of  all 
and  a  fresh  explosion,  and  so  on  lucoes-  the  other  known  forces  in  nabire,  we 
■ivety.  These  alternations  may  become  shall  assume  that  the  mutual  actions  of 
sufficiently  rapid  to  escape  our  senses,  Ihe  elementary  portions  of  electric  cnr- 
and  thus  produce  the  appearance  of  an  rents  are  invenely  as  the  squares  of 
uninterrupted  current,  althou;^  it  be  their  relative  distances ;  and  tnis  ia,  in 
really  discontinuous.  The  distinctive  fact,  the  supposition  which  aetees  hot 
character  of  such  currents  is,  that  they  with  all  the  facts  that  have  hitherto  beoi 
are  incapable  of  produdng  a  deviation  ascertained.  Jf  we  suppose  A,  for  in- 
in  the  magnetic  needle.  This  is  the  stance  {J^.  97),  to  be  an  indefinitely 
case  with  the  current  produced  by  the  small,'  portion  of  the  rectilineal  emrent 
common  electrical  machine,  when  a  com-  P  N,  moving  from  left  to  right,  it  will 
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also  with  the  currents  established  in 
what  have  been  called  the  tseondary 
pile*  of  Rittei  (see  Eleetricity,  ^  93), 
or  piles  constructed  with  a  series  of  *•    '■  > 

metallic  discs  separated  by  humid  con- 
ductors. Discharges  from  the  Leydea 
vial,  in  like  manner,  althou^  they  in- 
duce a  degree  of  permanent  magnetism 
in  steel  bsjs  near  which  they  pass,  yet  E  — •— »■ 

scarcely  leave  any  traces  of  their  effrats 

on  the  needleof  ttie  galvanometer,  when  ^  .  .- 

transmitted  through  the  wires  of  that  ^  'j^  »— N 

instniment 

(177)  The  continuity  of  the  elecWc  ofacurrent  placed  at  a  given  distaiwe 
cnrrent  being  the  quality  mos  immedi-  ^,h  nine  times  the  enerw  that  it  exert* 
ately  concerned  in  f-he  product.on  of  the  „  ^  ,i„i,„  ^ion  oTinrrent  S 
eifectsthataiethesubjectofourpresent  gtC  three  timeV fiirther reraored  from 
consideration ;  and  It  b^g  impossible  if.  If  we  call  the  fbrce  of  athaetion -^ 
for  us  to  discriminate  differences  ot  ve-  ih«  intensity  of  the  firstouirento.  andW 
locity  or  of  quantity,  in  any  other  man-  ,1,^  ^^^^  ^^^„ent  b.  and  the  disUi>c« 
nerthanbytfie  total  effects  that  result  between  them,  or  the  line  B  A,  *  the 
irom  the  passageof  the  current  through  Mowing  equation  will  express  tha  bnr 
a  conducting  body,  we  shaU  dirtrnguish  just  eni^dsSed  — 
continuous  currents  only  in  respect  to    ■*  . 

their  intenHty,  and  pretend  to  judge  of  /  =  ° 

the   degrees  of  intensity  solely  t^  the  d* 

amount  of  the  effects  producM  OD  the       (IBO.)  It  may  be  demonstrated  ma- 
RHivanometer.  thematically,  that  such  being  Ihe  Uw  0* 

(178.)  In  order  to  arrive  at  the  fun-    elementary  action,  it  will  follow  as  a 
damental  law  of  electro-djmamic  actioa    necessaiy  consequence  that  the  tfifal 
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Kdion  of  a  enncnt,  P  N,  extended  to 
an  infinita  length,  upon  m  elementaiy 
portion  of  a  ^ar&lkl  electric  cuiTBnt 
jdkMd  ttaoy  girea  dUt&nce  ttota  it,  is 
m  the  simple  inverse  ratio  of  the  shortest 
dittaoce  between  them — that  is,  of  a 
line  drawn  from  the  one  to  the  olher, 
and  perpendicular  to  both.  Thus,  in 
the  example  juit  given,  where  the  dii> 
tuice  C  A  is  three  tunes  ttte  distaiUB 
B  A,  the  action  of  the  indefinite  cur- 
rent F  M  is  Uiree  times  greater  upon  B 
than  upon  C.  So  that  if  thu  total 
action  be  expressed  by  P, 

(181.)  The  action,  whether  attractive 
or  repulsive,  of  two  elcmenluy  porlion^ 
ot  current,  must  b«  conceived  as  exerted 
in  the  direction  ot  the  line  which  joins 
them,  and  which,  for  the  sake  of  distiniA- 
nets,  we  shall  call  the  medial  line.  So 
that  in  the  caae  of  the  parallel  currents 
A  and  B,  /Ig.  98.  moving  in  the  same 
direction,  an  attraction  denoted  by  the 
short  arrows  a  and  a,  takes  place  m  the 


Fig.aa. 


redion  of  the  cmrent  makes  with  the 
medial  line  A  B.  This  will  readily  ap- 
pear by  resolving  the  force  A  o  into 
the  two  forces,  A  a,  AC,  ot  which  Ihe 
latter,  acting  counter  to  the  direction  of 
the  ctirrent,  is  destroyed,  while  the  only 
effective  force  is  A  a,  which  is  to  A  ^ 
as  the  sine  of  B  A  C  to  radium. 

(1S3.)  A  similar  diminution  of  the 
force  liy  which  the  current  A  reacltt 
npon  B,  takes  place  in  consequence  of 
its  obli<^uity  ;  for  the  portion  C  n,  flg- 
100,  which,  when  it  was  parallel  to  li, 
acted  with  its  full  power,  has  only  the 
F^g.  100. 


* 
B  D 

Erection  of  the  medial  line  A  B  ;  and 
in  the  caw  of  the  currents  C  and  D, 
likewise  parallel,  but  moving  in  apposite 
directions,  a  repulsion  takes  place,  as 
shown  by  the  short  arrows,  in  the  di- 
rection of  tlie  same  line.  It  should  be 
observed  Ihat,  in  both  coses,  the  action 
on  each  current  it  perpendteuiar  to  the 
direeiion  of  that  current. 


<1S3.)  Let  u*  next  suppc»e  that  the 
two  currents,  still  remaining  in  the  same 
plane,  the  direction  of  one  of  them.  A, 
Jig.  99,  is  changed  from  parallelism  to 
the  position  C  e,  the  action  wil?  still  be 
perpendicular  to  that  position— that  is, 
the  current  A  will  be  urged  to  move  in 
the  Ibe  A  d,  at  right  an^es  to  C  e;  but 
the  force  which  thus  impels  it  will  be 
diminished  in  the  ratio  of  radius  to  the 
■iiM  ot  the  angle  B  A  C,  which  the  di- 


fbrceof  the  portion  m  n,  when  actint;  in 
the  oblique  position  D  n,  the  diminution 
l)eing  proportional  to  the  cosine  of  the 
angle  C  n  D,  or,  what  is  the  seme,  to 
the  sine  of  the  angle  D  n  B.  The  mu- 
tual action  of  the  current,  therefore, 
situated  in  the  same  plane,  but  in  ob- 
lique positions,  may,  in  as  far  as  this 
obliquity  ii  concerned,  be  expressed  by 
the  lollowlng  equation,  in  which  a  and  JJ 
denote  the  angles  made  by  the  directions 
of  the  currents  respectively  with  the  me- 
dial line. 

/  =  sin.  ■.  sin.  & 

(184.)  Let  us  now  inquire  info  the 

modification  the  formula  must  receive 

when  Ihe  two  currents  are  in  different 

planes.    We  have  seen  that  in  the  last 
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inittHM,  the  elfcetWe  force  of  in  oblique 
enrrent,  in  iti  ulwa  on  another  cumnt, 
U  ohuined  by  redudng  th»t  force  to  a 
direction  at  right  anglei  to  the  medial 
line.  Let  tu  BoppoM  this  to  be  done 
with  T^ard  to  botn  the  currents  A  and 
a,  jig.  101,  the  former  being  reduced  to 
the  Ime  a  a,  and  the  latter  to  Ihe  line  6  b, 
aituftted  respectively  in  pUnes  perpendi- 
cular to  the  medial  line  A  B,  The  force 
Pig.  Mil. 


\  M 
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in  that  oaie  the  oonne  of  /t  vuiUie^ 
and  the  whole  function  etpruiiiK  tfw 
talue  qf  /  is  reduced  to  tero.  This  de- 
struction of  force  ouf;ht  to  take  place, 
whatever  be  the  paiition  of  the  force  B. 

(18G.)  This,  however,  ia  not  found  to 
be  the  case,  excepting  onlj  when  the 
current  B  is  at  neht  angles  to  the  me- 
diai  line.  If  it  be  in  aiiy  other  position, 
and  more  especially  if  it  also  coincide  in 
direelioa  with  the  medial  Ihie.  a  repul- 
sion is  manifested.  This  will  appear 
from  the  result  of  the  foUowing  experi- 
ment :— 

(187.)  Let  a  flat  oval  dish  of  0aMB,or 


,   ji  the  direction  A  c, 

drawn  parallel  to  B  A,  or  the  force  B  b 

eatima^d  in  the  direction  of  B  rf  drawn    ^^^C^^^M^^i^  ^^hI;; 

pwallel  to  A  a.  will,  in  either  <«se.  be    divisions  i™  .  rl.^  ™rlitioo.  fixed  with 

reduced  m  the  proporti 

"  '  9  of  the  anglf 


divisions  by  a  clata  partition,  fixed  with 

cement,  and   the  divisions  filled  with 

,-.  ;-;    -  ■  ,  T"  ■'."",     .-■.  _     t-  mercury.     Insert  into  each  of  these 

tiiis  angle  ^,  the  formula,  including  bII  Fig.  103. 
possible  relative  positions  ot  the  cur- 
rents, nlher  in  the  same  or  in  different 
S lanes,  becomes  when  the  intensities  and 
■stance  between  the  currents  are  also 
taken  into  account, 

/=  ttft(gin...wn.a.cos.f..l 

jt  ma^immmi is         iii  i i^^^M 

which  should  exprest  the  action  of  the  " 

currents  estimated  in  the  direction  of  the  over  which  the  arc  passes,  joining  (he 

medial  line,  provided  thehypothesis  with  two  parts  of  the  wire  which  float  in  the 

which  we  set  out  were  correct.  mercury.    Eveiy  part  of  this  wire,  ex- 

(185.)  But  experiment,  the  only  cri-  cepting  the  sted  points  soldered  toils 

terion  of  the  soundness  of  physical  iheo-  extremities,  is  to  be  coTered  with  silk. 

ries,  shows  that  an  element  is  still  want-  Two  wires,  forming  connexions  with  the 

ini;  in  this  process  for  estimating  the  two  poles  of  a  powerful  voltaic  battery, 

Talue  of  ttie  forces.    It  would  follow  twine  inserted  in  the  cups  P  and  N, 

fh>m  the  above  formnlee  that  when  an  which  communicate  with  the  mercury  in 

elementaryportionof  a  current  A,  which  the  Iiasin,  in    the    direclioas    of   the 

has  the  precise  direction  of  the  medial  atraight  branches  of  the  wire  produced, 

line.lhat  is,whenitprDceed9inastraiKht  the  current    ftata  Ihe   one  will    piss 

line,  either  towards  or  h^m  another  e!e-  through  the  mercuryin  the  adjoining  pir- 

mentary  portion  of  a  current  ^,Jfg.  102,  tition  to  the  steel  point  tjelonging  to  one 

no  action  can  take  place  between  them ;  of  the  extremities  of  the  wire,  and  then, 

forthe  angles  beingreduced  tonolhing,  circulating  through  the  whole  extent  of 

its  sine  likewise  vanishes:  and  the  same  the  wire,  wiD  pass  out  into  themetcury  of 

result  should    also    obtain    when    the  thepartitiontandbecarriedoffbya  tbtir] 

planes  in  which  tno  currents  are  situated  wire.     It  is  found  that  at  the  instant  this 

are  at  Huht  angles  to  one  another :  for  currant  is  establlsbed,  tha  wire  mores  in 
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(he  diRCtim  of  Um  lou  bnnehM  until  (l&O.)   The    rintro-dfmniM   foren 

it  ii  itopped  by  the  end  of  the  tciwI  *.  whihA  ftre  tbui  railed  into  eDtiiin  hj  T<ri< 

Thie  repoliion  is  exerted,  not  oiHy  et  the  tein  enrrtnti,  end  of  which  the  Intenii- 

iodeSnitelv  nniU  diitance  that  occura  tiei  «nd  direction!  m  determined  ac- 

letween  tne  puta  imnKdiately  in  stw-  eonting  to  the  lewi  eboTe  defined,  en 

eenion,  but  dso  at  finite  dietucei  be-  subject  to  the  eenie  lews  of  oomposition 

tween  ell  the  pert*  of  the  Mnn  current,  end  rceolntion  m  ell  other  mechanical 

(18B.)  Since  it  meara,  from  thia  and  foroea.  and  pmrnit  the  lama  ftellltiea 

ofiier  e^Mrimenti,  that  portioni  of  the  for  the  application  of  mathematical  rea- 

aUMtOrof  different  currenta,  moving  in  aoning.    It  woold  of  ooune  be  irapoi- 

the  eame  oontinaous  line,  or  at  oblique  lible  to  attempt  giving,  within  the  limit! 

aii^ea,r!pet  one  another,  Ampire  found  of  thit  treatiM,  even  an  outLne  of  the 

it  neceaiarv  to  introduce  another  term  in  analytiaalinveHig^ionsbywhiBbvirioUi 

the  formule.    Since  the  action  due  to  important  oonduaions  hare  been    de- 

thiacauae  ii  greateit  when  the  two  cur-  duccd.    We  must  content  ounelTei  with 

rente  are  in  the  same  continuous  line,  stating  metely  reauHi,  teferring  such  of 

aa  AB,/^.  104,  and  vanishes  when  the  our  reader!  u  deaire  fuHher  Informetion 

medial  line  is  at  right  angles  to  both  of  on  the  aubject  to  the  woAa  of  Ampere, 

them,  a*  in  the  positions  A  and  C,  he  in-  Biot,  and  Savarf, 

fteredthatinallinlermediatepositions.as  (191-)  It  follows  eTidenlljr  from  what 

at  D,  for  instance,  the  action  would  be  has  been  said,  that  when  two  electric 

pit^rtional  to  the  cosine  of  the  an|;le  currents,  situated  in  the  same  plane,  are 

BAD,  between  the  direction  of  the  cur-  inclined  to  oneanother  at  any  angle.lhejr 

rent  A  and  the  medial  line  A  D,  wluch  are  alwaja  mutually  repulsive  whm  one 

we  have  already  expreaaed  bythesym-  of  them  approachea  to,  and  the  other 

bol  ■.    Tlie  same  reaioning  ap^dies  to  recedes  firom,  the  summit  of  the  angle  ; 

f,.     ,,^  and.  on  the  contrary,  they  attract  one 

"^-  "'*•  another  when  they  both  apprtwch  to,  or 
both  recede  from,  that  angular  point. 

*      ■ B  WhenlheintensiliesandpoBitiongoftbe 

';•.._ en'    ~~^  currents  are  the  tame  in  the  two  cases, 

■  '■-...  and  the  only  difference  is  in  the  change 
I  '■••..  of  the  direction  of  one  of  the  currmts, 
:  '•■■■■  ,  then  the  attractive  force  in  the  latter 
•  D  (^"^  '"'"  ^  found  to  be  precisely  equal 
1  tuthe  repulsive  force  in  the  former  case. 
;  And,  universally,  whatever  be  the  action 

■  of  a  system  of  fixed  conductors  upon  a 
C*  moveable  conductor,  it.  is  immediately 

changed   into    an  equal  and    contraiy 

term  to  bo  idded  to  tho  force,  u  for-  «'■«««'?««  "<  "-e  V^    "  »«  {i- 

oerl,  .Jelenoioed.  mmt   Efore  be  "el™"""  oorreot  throogh  botb  fte 

«.m.'fl,ooUo«  of  tt.  cSioS  «  S  ,"  f^.' f  "!?~^  "!Ji'"S'  T',?" 

(Ties  -  and  fl.  ud  m»»  fie  eanreueH  hs  origmd  uilion  1,  reproduced.    In  thii 

^refixii^toth^iC'iSLSSS  :K^''""r!fr" ^'j'-'^'i "* 

effidentA.    So  that  we  now  have  mutual  actions  of  d.fierent  parts  of  any 

^                                 —  dectro-dynamical  apparatus  may  bedis- 

/=;j^lsm.i>.aiiLAcoa,^-l-Acaa.a.cos.fi).  tinguiabed  from  those  depending  on  the 

,?=-..  I  ..■_.-            ,   .  infiuenee  of  the  earth.    The  former  ef- 

(18B.)InhiswrtierspeculaUons.Am-  fecta  are  permanent,  but  the  character 

p«re  had  regarded  the  value  of  Aaaso  of  the  Utter  is  changed  by  reversing  Ihe 

email  that  it  might  safely  be  neglected ;  direction  of  the  current  throughout  the 

but  subsequent  researches  led  him  to  the  whole  system. 

conclusion  that  it  is  in  reality  equal  to  usa.)   It  is  hardly  necessary  to  enter 

—  i  BO  that  the  whole  of  this  second  into  any  minute  description  of  the  appo^ 

twm  of  the  formula  is  negative,  when  ratus  by  which  these  conclusions  iMy 

the  cosines  Of  the  two  aof^es  are  them-  be  experimentally  verified.    The  modes 

selvet  positive. of  suspenaion  adapted  to  the  particular 

object  of  the  experiment  wiU  readily 
occur  to  any  one  who  baa  made  himself    i 


ELEGTRO-MAGNBTISU. 


Mqu^nted  with  the  details  ne  have 
akeady  pvai  of  analogous  e^iennieati. 
II  will  be  lufficient  to  obaerve  that  there 
kre,  in  eeneral,  two  kinds  of  rotation  of 
whiuh  the  moveable  parts  of  the  aff»- 
ratuR  are  Buiceplible,  the  one  on  a  voti- 
cal  axil,  ai  io  figures  66,  71.  84.  91.  Bi. 
ys,  and  the  other  on  a  horizontal  axi«, 
aa  in  tiKures  85  and  96. 

(193.)  Care  should  always  betaken, 
in  nice  experimenta,  to  guard  against  the 
eiTon  that  might  arise  from  allowing 
the  iofluence  of  the  earth  to  interfere 
with  the  actions  we  are  examining.  This 
disturbing  force  may,  in  general,  be 
neutralize],  and  rendered  ineffective  by 
particular  dispositions  of  the  conducting 
wires.  Thus  tlie  moveable  conductor, 
Jfg.  92,  may  be  rendered  axiaiic  or  inde- 
pendent of  terrestrial  influence,  by  form- 
ing a  second  parallelograoi  below  the 
first,  composed  of  wires,  so  turned  as  to 
oblige  the  current  to  pass  in  opposite 
directions  in  corresponding  [nrts  of  each. 
This  is  shown  in  Jig.  1  OS,  in  which  P 
and  N  represent  the  steel  points  affixed 
Io  the  extremities  of  the  wires  for  the 
purpose  of  being  placed  in  cups  with 
mercury  ;  and  the  directions  of  the  cur- 
rents  in  the  several  portions  of  the  wire 
are  indicated  by  arrows,  whereby  it 
appears  that  the  action  of  the  earth 
upon  any  one  part  is  neutrsliied  by  its 
equal  and  opposite  effect  in  anotiier  cor- 


Flg.  10». 


Fig.  106. 


responding  part,  umilBrly  situated  with 

regard  to  the  axis  of  rotation.  The 
wires  should  be  covered  with  silk  thread, 
in  order  to  prevent  metallic  contact  in 
the  parts  whei'e  they  are  brought  to* 
gether.  The  shaded  parts  represent  ibe 
branches  that  may  be  conveniently  lied, 
or  simply  twisted  toeether,  after  Uiis 
precaution  has  been  taken,  for  the  sake 
of  greater  firmness.  The  weight  W  is 
applied  as  a  counterpoise  on  the  other 
side  of  the  axis  of  rotation. 

Fig.  107.] 


f     + 

1 

(194.)  Fig.  106  represents  anolher 
form  of  an  astatic  conductor,  having  the 
same  properties  as  the  preceding,  but 
belter  adapted  for  the  exflmination  of 
the  actions  on  the  lower  horizontal 
branch. 

(195.)  Wfl'.iorshowgan arrangement 
or  a  similar  Kind,  in  which  the  horizon- 
tal branches  neutralize  one  another,  but 


In  which  the  interiw  vertical  bnnches' 
being  in  the  axis  of  motion,  have  na 
influence  in  producing  rotation;  and  the 
exterior  vertical  branches  are  therefore 
uncompensated,  as  far  as  relates  to  ihe 
action  of  nny  current  presented  to  Ihem : 
althoueh  being  in  opposite  sides  of  the 
axis,  Ihey  neCilraliie  one  anolher  as  far 
u  regards  the  influence  of  th«  earth. 
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(19L)  It  follows,  a«  K  consequeDce  of 
the  principles  already  laid  down,  that  1  he 
Mtion  of  a  small  portion  of  conducting 
wire,  bent  into  an;  number  of  flexures, 

Srovided  they  extend  to  no  considerable 
istance,  upon  another  current,  &ny' 
where  situated,  is  equivaleiit  to  the 
action  of  a  similar  wire  proceeding  in  a 
atrai^ht  course  between  the  two  ex- 
treme points  of  the  contorted  wire. 
The  action,  for  example,  between  a  con- 
ducting  wire,  A  B,  Jig.  JOS,  and  an 
elementary  portion,  C  D,  the  one  pur- 
suing a  sinuous  course,  Uie  otbw  recti- 


lineal, is  predsely  the  same  as  if  Ibe 
former,  instead  of  being  contorted,  had 
passed  in  a  straight  line  from  the  point 
A  to  the  point  B;  that  is,  along  the 
dotted  tine  A  B. 

<197.)  By  an  extension  of  the  reason- 
ing which  led  to  the  conclusion  just 
stated,  it  may  be  proved  that  the  action 
of  a  current  traversing  the  contorted 
line  A  B,  Jiff.  1 09,  (and  which  we  have 
seen  is  equivalent  to  that  of  a  current 


with  A  m  and  B  ffl,  through  the  middle 
of  E  F,  the  action  of  A  B  is  to  the  action 
of  E  F,  inversely  a^  A  m  to  G  m. 

(198.)  If  the  electric  currents  be  con- 
ceived as  spread  over  a  given  surface, 
A,Jl^.  110,  instead  of  bein^  confined 
to  a  single  line ;  then  the  action  of  this 
superficial  stratum  of  currents  on  the 
eliinentary  current  m,  which  is  a  part  of 


FSg.  109. 
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of  equal  intensity  passing  in  n  direct 
hne  from  A  to  B,)  on  any  elementary 

Eortion  «  of  a  distant  current  C  D,  will 
e  to  the  action  of  a  similar  eurreot 
E  F,  (comprehended  within  the  angle 
AmB.which  AB  snbtends  at  theptHnt 
m,  the  middle  of  the  elementary  cur- 
rent,) in  the  invene  proportion  of  their 
mean  distances  from  the  point  m;  that 
%  dnwtng  G  H,  DskiDg  equal  aoglea 


the  current  CD,  will  be  preraiely  eqval  to 
that  of  B,  or  E  ;  or  of  any  other  super- 
ficial stratum  composed  of  similar  cur- 
tents,  situated  at  any  distance  from  m, 
and  inclined  at  any  angle,  provided  it 
be  comprehended  by  the  sides  of  the 
same  pyramidal  or  conical  figure,  hav- 
ing the  surface  A  for  its  base,  and  m 
for  its  apex.  This,  indeed,  follows  as  a 
secessa^  consequence  of  the  preceding 
law :  the  diminished  influence  of  the 
currents  in  A,  resulting  from  their 
greater  distance,  being  exactly  compen- 
sated by  their  greater  number.  It  may 
be  denved  still  more  directly,  indeea, 
from  the  general  law  of  the  action  of 
electric  currents  bebg  inversely  propor- 
tional to  the  squares  of  the  distances. 
Ve  shall  have  occasion  hereafter  to 
make  important  applications  of  this 
principle. 

$  3.  Action  of  Terminated  Currenle. 

(199.)  We  have  seen  that  the  action 
of  a  rectilineal  current  of  infinite  length 
on  ft  short  portion  of  current  at  a  dis- 
tance, situated  in  the  same  plane,  and 
wholly  on  one  side  of  the  former,  tends  to 
give  it  motion  in  a  line  perpendicular  to 
Itself,  and  either  in  the  same  direction  as 
the  extended  current,  or  in  the  opposite 
direction,  according  as  it  is  receding  ftom 
or  ap[Hroaching  to  it.  The  same  applies 
to  a  current  of  anylength.  provided  it  be 
■ttuated  whdiy  on  one  lue  of  the  cur- 
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rent  that  aeti  vpon  it  >nl  «lneh  it  'win 
be  conTenknt  la  desigaate  a  lantinatei 
current.  Thn«,  the  current  A  B,  Jig. 
Ill,  Iving  vholly  on  one  tide  of  the  ex- 
tendra  cinrent  C  D,  and  which  i*  then- 
fore  »  tcraunatcd  cutrbI,  wiU  be  iBged 


c-:^^ S« 

in  the  dircclion  of  the  dotted  line  M  R. 
For  since  the  current  A  B  is  moving 
from  the  aniruUr  point  B  towattls  A, 
while  the  current  C  D  ii.  in  the  psrt 
G  B,  moving  toward*  B,  the  former  will 
be  rq»elied  b;  the  Utter   during  tbe 


whole  of  that  part  of  its  coarse.  TTw 
Kiultant  of  all  tbe  repalrivc  forces  fbus 
operetiDp  on  A  majbe  Rprewated  \tf 
the  line  ME.  On  the  conft«ty,  the 
rarrenta  paMnc  slonir  the  Kaes  A  B 
and  B  D,  are  l>oth  iMi*ing  id  b  direetioa 
from  the.angular  point  B  ;  coweoBenlly 
the;  attract  one  anoQMr;  and  tbe  r«- 
sohaitt  of  these  attracting  lisreea  Bny 
be  czprened  far  the  line  M  F,  whie)^ 
when  combined  with  H  E,  vm*  tbe 
total  resultant  MR,  perpendicidar  to 
AB. 

<!00.)  Applying  this  pHnciple  te 
various  posilions  of  a  tenninateil  cur- 
rent with  relation  to  the  extended  one, 
we  ohtain  Ksults  which  are  expnvsed 
in  the  annexed  diat^ram,  Jig.  112; 
where,  as  before,  C  D  i*  the  extended 
cuirent  passing  from  C  lo  D,  and  ihe 
upper  Lnra  represent  various  positions 
of  Ihe  terminated  currents,  of  which  the 
directions  are  marked  by  the  terminal 
arrows;  while  the  dotted  arrows  point 
out  the  direction!  of  the  resulting  mo- 
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tions.  As  a  gencrd  rule,  whenever  Ow 
direction  of  tlie  terminated  can-ent  is 
fnm  the  Lne  of  the  extended  current,  it 
is  lu^ed  to  move  in  the  tame  direclion 
as  ttw  extended  current  moves ;  when 
its  current  is  touxcriU  the  extended  cur- 
rent, it  is  urged  to  move  in  tbe  contrary 
direction. 

f2ai.)  It  is  easy  to  percdve  that  if, 
instead  of  aHowing  the  conducting  wire 
transmitting  the  terminated  current  to 
obey  its  tendency  to  move  parallel  to 
itself,  its  motion  were  restricted  to  ro- 
tation round  a  fixed  axis  at  one  of  ils 
extremities,  as  ahown  in  /ig.  113,  tbe 
force  arising  from  the  action  of  ttie  in- 


Fig.  113. 


\; 


definite  enrrent  C  D,  will  cury  the  ter- 
mineted  current  round  the  whole  cv- 
cumfcrence  of  the  circle.  This  rotatory 
force  is  independent  of  the  angle  of 
inclination  of  Ihe  currents,  and  is,  con- 
semiently,  uniform  in  every  position  of 
A  II ;  and  will  accordingly  ad  as  an 
uniformly  accelerating  force,  cau^ine 
the  wire  to  revolve  wilh  continually 
increasing  velocity,  until  checked  nj 
fi'iction   and  other  mechanical  absta- 

(202.)  The  direction  in  which  the  wire 
revolves  depends,  of  course,  upon  the 
relation  between  the  directions  of  the 
two  currents  concerned.  When  the  ter- 
minated current  is  passing  frooa  the 
centre  to  the  cireamferenee  in  the 
shorter  vtire,  its  revolution  will  be  as 
represented  in  tlM  figure ;  that  is,  in  a 
direction  contrary  to  that  of  the  un- 
limited current,  in  that  part  of  the  circle 
which  is  nearest  to  it,  but  similar  to  it 
in  the  more  distant  part  of  tbe  circle. 
The  reverse  tabes  place  when  the  cur- 
rent in  A  B  is  passing  tkws  tbe  ciiciu^ 
ference  to  the  centre. 

(203,)  WhilefochistbaMtiMartbt 
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wat  vpoBtlH  one  tM  is 
Unninited,  ui  eauftl  but  eoirtiwy  re- 
•ction  i«  necesMnly  exerled  bj  the  ttr^ 
■iioat«d  one  upon  the  extmded  cnmnt. 
Thua,  while  the  current  A  B,  Jig.  114, 


C ^ *-U 

fends  to  move  in  the  direction  of  the 
upper  arroiT,  its  reciprocal  xOion  on  the 
current  C  D,  urges  the  wire  that  con- 
ducts it  in  the  conlrary  direclion,  from 
D  lo  C,  as  denoted  by  the  lower  arrow ; 
and  the  same  principle  Applies  to  sJl  the 
other  cases. 

i  4.  Action  qf  Diverging  and  Cimvtrg- 


iifhe 

evident  that  if  wires,  or  other  conduc'ing 
bodies,  \k  so  disposed  as  to  cause  the 
cnrrents  to  rHdiate  from  a  centre  in  all 
tlirections,  l)iey  will  .tend  to  revolve  in 
the  same  manner  si  any  one  of  them 
Kindly  would  have  done,  by  the  influence 
of  a  rectilineal  current  in  the  vicinity, 
4ind  in  the  same  plane ;  provided  this 
Utter  current  be  wholly  without  the 
I'ircuniference  of  the  circle  of  revolution. 
The  same  thing  will  hapfcn  when  the 
ciirTentsconverge  from  the  cireumfeience 
to  the  centre,  only  the  direction  of  the 
motion  will  be  reveised.  T^se  two 
conditions  of  the  experiment  are  repre- 
licnled  in  figi.  115  and  116,  where  the 
»rrow-headi  in  the  paths  of  the  cur. 
rents  denote  their  direction;  and  the 
exterior  dotted  airows  the  direction  of 
the  revolution  of  the  < 
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<S«J  Exavito  of  thif  kbd  of  iB- 
Tergenec  or  convergenee  of  cwmtt 
frequently  occur  in  eleetro-dynamieal 
ozperimenl*.  They  Biemetwithwhea* 
ever  aloid  eondnctor, such  ms  mercury. 
is  the  vedtum  of  eommuniealion  be- 
tween the  point  of  a  condnctin);  wire 
dipped  into  the  &«tid  and  «  ciroulv  rtm 
of  metal ;  in  arhich  ease  there  is  always 
more  or  less  of  diffusion  of  currents 
while  they  an  pasnnKthroush  the  fluid; 
and  fenerally  there  is  a  tdentbly  regu- 
lar radiation  or  concentration  of  the 
cnrrents,  of  which  some  idea  may  be 
fOToed  by  fig.  117;  where  the  current 
passiu)^  from  F  to  N.  through  merouiT 
conlaiDfd  in  the  cylindrical  vessel  V. 
wiH  radiate  from  the  point  of  the  wire 
towards  eivety  part  of  the  cireurottreneo 
of  thst  vessd.  If  the  current  pass  from 
N  to  P,  it  will  convenre  towards  th« 
wire.  In  either  case  the  action  of  a 
strong  current,  passin);  along  the  slraijcht 
horiiontal  conductor  C  D,  will  giTe  rise 
to  a  revolving  mol ion  in  I  he  mercury,  the 
direction  of  which,  corresponding  with 
the  directions  of  the  two  currants,  is 
indicted  by  the  mrows  at  w,  D,  end  m. 

f206.J  It  is  not  easy  to  exemplify  by 
direct  experiment  the  theorettcal  de- 
ductions applicable  to  the  case  of  the 
action  of  a  straight  current  o(  indefinite 


Fig,  117. 
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length  on  •  lenniwifed  current;  that  U.  roWory  forces  would  oppose  e«di  other  ; 
on  a.  portion  n(  •nother  ourrent.  lituited  and  u  the  strongest  would  prevaJ.  .it 
onooeside  only.  The  difficulty  trises  would  bring  the  conductor  into  a  posilion 
from  the  impossibility  of  limiting  the  where  they  are  in  equilibnum.  See ^. 
Actions  to  those  parts  of  the  currenti  119,  wherethe  portion/Bot  ttielunited 
to  which    we  with  to  confine  them,  ^^  .^. 

while  studying  their  eflecti,  and  of  ex-  ^^' 

eluding  the  action  of  the  remaining 
portions  of  the  currents  necessary  for 
completing  the  circuit  The  only  mode 
of  pi^venting  the  interference  of  the 
latter,  i*  to  neutralize  them  by  opposinf; 
one  part  to  another ;  this  may  in  a  ^at 

measure  be  accompliihed  by  proTiding      C — ^  "'..  "■■i.  ^j 

for  the  subdivision  and  branching  off  of 
the  currents  in  different  directions,  so 
that  their  actions  may  destroy  one  an- 
Other,  ir,  for  instance,  the  ends  of  the 
■mailer  wire  that  it  to  be  rendered 
moveable,  be  nade  to  dip  into  a  vessel 
of  mercury,  of  suEraent  width  to  allow 
of  the  electric  currents  to  diverge  and 
spread  over  a  considerable  surface,  they  rectilineal  current  A  B,  tuminfr  on  the 
wdl  not  materially  interfere  with  the  ,xis  A,  and  crossing  the  unlimited  cur- 
■eexamming.  rent  C  D,  tends  to  move  in  a  contrwy 


actions  we  ai                  „  ,,..,   „  „  .„.,„,  ™  ,» 

(207.)    In  the  cases"  we   have  just    SrectionTo  thTporti^n  A/,  the  posiUon 
„.,^-.™»    M  flnx.  .^. ^t  ^    ..  equilibrium  being  that  ot  A  E 


considered,  <{  204,)  Uie  axis  of 
tation  in  the  thorter  wire  was  sup- 
posed to  be  at  its  extremity.  If 
its  situation  were  different  —  were  it, 
for  example,  in  the  middle  of  its  length, 
uatX,ji;.  US,  itis evident  thatwTien 
the  current  ii  posting  from  A  to  B,  it 
moves  in  the  first  pwtion  towards  the 


<209.)  If  the  current  A  B  be  traversed 
by  the  current  C  D  passing  through  the 
axis  itself.  A,  Ihe  position  of  equilibrium 
is  that  of  parallelism  tietween  the  two 
wires.  In  either  case  there  can  be  no 
revolution  round  the  axis. 
(  5.  Action  betieten  Currenlt  tituatei 
in  different  Planet. 

(110.)  Let  us  now  consider  what  wiU 
happen  when  the  two  currents  A  B  and 
C'D,/lg.  120.  are  in  different  planet. 
both  being  of  an  indeSmte  length,  and 
extending  on  both  sides  of  the  perpen- 
dionlar  line  P  Q,  which  is  common  to 
Qie  directions  of  tMth  current^  and 
divides  each  into  tvro  portions.  At- 
Fig.  lao. 


->» 


centre,  and  in  the  second  portion  from 
it;  hence  the  rotatory  forces,  denoted 
by  the  arrows  a.  6,  cDuntersct  one  an- 
other, and  the  wire  is  uiged  to  revolve 
only  by  the  difference,  if  there  be  any, 
between  them. 

(208.)  If  the  current,  which  we  have 
lutherto  supposed  to  be  terminated,  that 
it,  altogether  on  one  side  of  the  recti- 
linear current,  were  prolonged  so  as  to 
cross  the  latter  (without,  hoifcver',  join-  traction  will  take  piace  between  those 
ing  il).  that  portion  which  extended  portions  in  which  the  current  is  passin)^ 
b^ond  it  would  have  a  tendency  to  towards  P  or  Q.  the  points  at  which  the 
move  in  an  opposite  direction  to  the  currents  are  nearest  to  each  other;  that 
cart  on  the  other  side ;  so  that,  these    is,  in  the  present  instanoe,  between  the 
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portions  A  P  and  C  Q.  The  portiona 
P  B  and  Q  D  will  also  attract  one  an- 
other, becauH  the  currents  are  proceed- 
ing from  the  pointit  P  and  Q,  in  each 
respectively.  But  the  portiozu  A  P  and 
Q  D  will  npel  one  another,  a«  nill  alio 
the  portions  P  B  and  C  Q ;  because  Iha 
currents  are  moving  in  a  different  man- 
ner in  the  two  that  compose  each  of 
these  pairs. 

All  these  Torces  concur  in  producing 
a  rotatory  motion  round  the  axil  P  Q. 
The  wire  A  B  will  tend  to  assume  the 
position  a  b,  parallel  to  C  D  ;  and  the 
wire  C  D  will  be  urged  to  take  the  posi- 
tion e  i  parallel  to  A  B.  If  only  one  of 
these  be  moveable,  it  will  place  itself  in 
ft  line  pitrsllel  to  the  other ;  if  both  be 
moveable,  they  both  will  take  an  bler- 
mediale  position ;  so  that,  in  either  case, 
they  will  bec*me  parallel  to  one  another. 
That  part  of  the  force  which  produces 
this  rottfoiy  effect,  and  acts  in  a  plane 
perpendicular  to  the  axis,  may  be  tefmed 
the  dimctim  farce.  It  varies  as  the 
sine  of  the  angle  A  Pa;  but  another 
part  of  the  force  still  renuuns,  namely, 
that  which  acts  in  a  direction  perpendk- 
cular  to  this  plane — that  is,  parallel  to 
the  line  PQ.the  nearest  distance  of 
the  wires.  It  is  evident  that  this  force 
varies  as  the  cosine  of  the  angle  A  P  a. 
Whenever  that  angle  is  less  tlun  a  right 
angle,  this  force  ii  attractive  %  and  as  it 
tends  to  bnng  the  currents  nearer  to 


apprweimatiM  forot.  Commencing 
nhea  the  positions  of  the  wires,  from 
being  perpendicular,  are  slightly  inclined 
to  euih  other,  this  latter  force  attains  its 
maximum  when  they  have  been  brousht 
by  the  direcliye  force  into  a  parallel 
position.  When  the  corresponding  por- 
tions of  the  wires,  on  (he  other  hand, 
form  an  otttose  an^le,  the  approxima- 
tive force  is  negative,  and  is  so  in  the 
greatest  dwree  when  the  wires  are 
paralld,  so  Uiat  their  currents  move  in 
opposite  dnrections.  This  is  an  obvious 
consequence  of  theehange  of  sign  which 
Ihecosine  of  the  angle  APoexperieRcea 
when  the  latter  changes  from  an  acute 
to  an  obtuse  angle. 

(21 1.)  If  the  movements  of  titber  of 
(he  wires  be  restricted  to  rotation  round 
an  axis  different  from  P  Q,  such  as  X, 
J^.  121,  some  part  of  the  directive  force 
will  be  destroyed  by  the  opposing  action 
of  the  current  passing  through  the  por- 
tion X  P,  which  intervenes  between  the 
D33M  and  tht  perpendicalar.    Iliu  oppi^ 


sidon  of  forces  will  increaie  aecndiBg 

as  the  axis  is  further  removed  from  the 

perpendicular :  so  that  all  aetioa  may 

Fig.  lai. 


come  to  be  entirely  neutralized,  if  iti 
distance  is  sufficiently  great  in  propor- 
tion to  the  length  of  the  other  branch, 
P  B,  of  the  current  situated  on  the  otiter 
side  of  P  Q.  In  estimating  the  result- 
ing effect,  however,  it  is  necessary  to 
take  into  account  the  mechanical  advan- 
tage which  the  rolatoiy  force,  impellinK 
the  remote  part  P  B,  haa  over  that  w  hich 
impels  XP,  in  consequence  of  the  greater 
length  of  lever  by  which  it  acts.  When 
the  contrary  rotator;  momenta  thence 
arising  are  equal,  the  currents  wilt  be  in 
a  position  of  equilibrium,  which  post 
tion  will  tend  the  more  neariy  to  coin- 
cide with  that  of  parallelism,  in  propor- 
tion as  the  BxiK  approaches  to  a  coind" 
dence  with  the  pemndicnlarFQ.  This 
result  may  be  verified  by  employing  tin 
apparatus  fig.  106.  which,  from  its  con- 
slniction,  u,  as  we  have  seen,  astatic, 
and  by  which  we  may  study  the  action 
of  a  transverse  current  upon  eittieraf 
the  horisontal  branches  to  which  it  it 
presented. 


(312.)  If  a  terminated  current,  which 
describes  a  curve  line,  be  subjected  to 
the  action  of  an  unlimited  rectilinear 
euirent,  its  different  portions  will  tie 
ur)red  in  different  directions,  each  being 
perpendicular  to  the  respective  portion 
of  the  curve.  Thus  the  different  parts 
of  the  circular  conductors  A  S.fig.  Itt, 
Fig.  122. 
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tri»OMnnt  n  pMnne.  "31  be  un^  bf 
tbt  ihwcM  cwrent  C  D^  ntiuM  in  tba 
■une  plane  with  it,  in  tte  vuioiu  dirvc- 
tion>  indioated  by  the  dotted  utowi. 
If  thete  farces  trere  all  equal,  o*  neafly 
Fig.  123. 


»,  wtri^  ceidd  only  happen  when  C  D 
vaa  ^  an  inflmite  distinee.  or  one  in- 
oBBipanbty  ^rcaler  than  the  dtanuter  of 
tha  arde.  Uicy  would  tM  be  iu  equili* 
hriuin.  Bul,tnallotheraaaeB,poriioii3o( 
the  eireltn  neureel  to  tha  cnncnt  will  1m 
More  powtrfully  toted  apoD  than  the 
tentoter  paita,  aM  tiie  faraas  by  whieh 
"  «  are  impdled  will  tberelate  prevail. 
1  the  whele  cirde  mil  trad  to  a{K 


the*  ai 

aod  tl 


lumed  on  Ihie  axis  ea  that  its  ^ane  ii 
inclined  tothat  which  pane*  throngh  itt 
centre  O,  and  Ihe  rectilinear  current 
C  D,  the  dhrectioDS  of  the  force*  at  A 
■  ~    "   '   f  out  of  the  plane  of  the 


rotalinn.  aad  Into  one  at  lieht  anrfM  to 
it.  The  latter  of  these  forces  wH  tent 
to  produce  rolalion,  and  to  brh^  hade 
tha  ehde  into  its  potition  of  tfat^  eqn»- 
libriun  E  «  in  the  ]Jane  oonBon  to  k 
mi  to  the  eurrent  C  D.  HeMe  Ih* 
dtrweUvt  force,  or  that  which  tcnda  to 
hnsK  ttio  circle  into  thia  poutioit,  by 
tuniiaic  it  on  its  axil,  is  eon^^osed  of 
the  lum  of  the  nsultant  fbrem  adiag 
i^Mn  the  portions  on  caeh  tide  of  the 
aiic  A*  the  two  eeU  of  foreea  eon- 
qan  to  produce  the  Muoe  rotation,  it 
natteri  not,  aa  to  the  uitimole  eSeet, 
irtiether  or  sol  the  «xis  pass  Ihroui^ 
the  centre  of  the  circle;  pronded  it  be 
peraHd  to  C  D,  aod  eilher  within  the 
circle  or  beyond  it,  because,  in  the  latter 
eaae,  \riterc  there  is  an  oppoutioo  of 
rotatoiy  forces,  the  fbroe  acting  on  B 
being  createi  than  that  whieh  ac^  on  A. 
and  also  actinx  ■(  a  medienical  itflnn- 
tdge,  will  always  prevail.  .* 

(314.)  Let  ui  next  luppoee  the  aus  X  Y 

(tf  tha  drediir  conduetoc  to  be  at  right 

Knglet  to  C  D,  u  re;Teae»t«d  in^.  lii. 

Tlw  iKMitiaa  of  equilibtwa  will,  vndar 

Fig.  Hi. 


ai  the  direetion  of  the  onrrenti  it 
part  i*  limilar  or  contrary  to  th^  of  tha 
ourrent  C  D.  Thns  it  appears  that  tb* 
approxunaUiM  force  ia  oqtwl  to  the  dit 
lereace  between  the  Msoltanta  ot  Uw 
kltraclrre  and  r«puln««  foicea. 

(213.)  If  the  circular   condnetor  ha 

BOW  mada  to  Kvolve  on  an  axis.  XY, 

J^.  124.  parallel  to  C  Dt  and  if  it  b* 

lig.  184. 


-^3> 
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I  the  former ;  for  any  disturbanoa 
firom  the  situation  ot  the  oireie  in  which 
its  plane  include*  the  current  C  U,  would 
give  riie,  in  the  portions  of  tha  circlo 
Merest  In  it,  to  rotalW}-  fonies  that  tend 
to  bring  it  t»ck  to  that  plane,  ai  may 
be  understood  from  what  was  expI^OMl 
)B$aiO.  Theaa  forces  will  be  aided  by 
lh(»e  that  aot  on  the  kteral  poittoow  of 
the  eirele,  in  which  an  altraclioa  esista 
towards  those  portions  of  the  straiifht 
outrent  where  Ihe  directiona  correiptmd, 
u  far  Bi  regards  the  approach  to,  or 
receasion  fhnn  the  nearest  points  of  the 
two  oonducton.  The  only  foreea  op. 
posing  theae  are  the  foree*  aclinic  upon 
the  nmoler  parta  of  the  eirele,  which  mn 
•f  course  too  woaJi  to  diange  the  natun 
at  ths  efhet  retoUinc  fton  tba  fw»M. 
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(315-)  Whatomr  bi  tbt  aetion  iriiidi 
tk«  circutw  euimit  reotiv«s  finm  the 
nctiiioeal  on*,  a  limilur  and  opposite 
action  IS  exerted  by  it  on  the  latter,  nhieh 
U  urged  to  asguaw  a  poailion  in  the  pkne 
or  ihe  circle,  and  such  that  the  adjacent 
currents  in  each  may  be  moving  in 
similar  directions. 

(21G.>  The  action  of  a.  circular  cur* 
rent  upon  a  rectilinear,  but  ternanated 
current,  wtualed  wholly  on  one  side  of 
the  plane  of  the  circle,  and  inclined  to  it 
ata  given  BHEle, requires  especial  notice. 
If  the  direction  of  the  Btraielit  current, 
nhen  prolonged,  pass  near  the  centre  of 
Ihe  circle,  the  forcM  that  act  upon  it 
are  nearly  balanced,  ai)d  neither  action 
nor  reaction  is  perceptible.  If  it  be 
near  the  circumference,  the  action  of  the 
adjacent  portion  of  that  ehcumference 
will  ^n^edominsle,  and  effect*,  similar  to 
those  tskini;  place  between  a  terminated 
and  an  unlimited  eurreot.  vrill  be  pro- 
duced, with  this  modification,  however. 
that  the  unlimited  current  beii^  circular, 
the  motion  of  translation  in  a  straight 
conductor  at  right  angles  to  the  plane  of 
the  circle,  following  the  courae  of  Iho 
circumference,  become*  itself  circular ; 
and  if  the  conductoi  be  attached  to  an 
axis  perpendicular  to  Ihe  plane  of  the 
circle,  and  passing  througn  its  centre, 
that  conductor  will  be  made  to  revolve 
continually  around  that  axis,  ai  shown  ia 
j(y,  136,  where  CD  is  the  circular  current, 
and  A  B  the  straight  mave»ble,  but  ter- 
minated currenL  Thit  rotatoty  force 
Kg.  186. 


eontrary  direetion,  a*  maifced  by  Qie 
dotted  arrowK  parallel  to  it. 

<ai7.)  All  tbM*  eBeets  will  be  eon. 
uderably  incraaaed  if  a  great  nnmber  of 
similar  current*  t>e  moving  in  tbe  same 
direction  in  the  different  parts  of  Ihe 
cireuit,  described  hy  the  straii^ht  mirrent 
in  tb«  last  pan^raph.  This  may  be 
obtained  by  raakinB;  currents  traverse 
a  Dumber  of  wirai  placed  in  the  surface 
of  a  ^linder,  and  parallel  to  its  axis, 
which  la  also  thai,  of  the  rotation;  or, 
Mhat  will  ba  wjuiTalenl  to  this  arrange- 
ment, by  making  a  current  pass  along 
the  surface  of  a  hollow  conducling  cylin- 
der, in  the  direction  of  its  length  ;  for  in 
that  case,  the  current  may  be  considered 
as  dividing  itself  into  an  infinite  numlwr 
of  parallel  fil^uents. 

(218.)  A  similar  augmentation  of 
power  may  be  obtained  by  multiplying 
the  circular  currents,  either  by  employ- 
ing a  wire  coiled  into  the  form  of  a  ring, 
or  into  that  of  a  fiat  spiral.  When  these 
rings  or  spirals  are  combined  with  the 
eyhnden  above  mentioned,  the  effects 
are  again  proporiioiiably  increased. 

^l».l  The  modes  of  exemidi^iTm; 
thasa  ooBclusiona  experimentally  ai« 
varkHH.  Thus,  a  wire,  as  shown  in^^. 
127,  consisting  of  two  vertical  branches, 
united  aboTS  by  a  transverse  arch,  to 


Pig.  IS7. 


ilie  cenWe  of  which  is  aiSxed  a  sleel 
point  turning  dovrnwtrda,  for  the  pur- 
pose of  suspenuoni  mav  b«  united  below 
to  a  circular  rim,  which  dips  into  a 
shallow  trough  of  meieuiy,  so  as  lo  en- 
able us  to  transmit  cutrenta  through  tbe 
wire,  that  will  move  in  both  the  vertical 
wires  in  the  s»roe  direction;  that  is, 
eilher  upward*  or  downwards  in  both. 
lU  while  so  suspended  and  connected,  a 


its  inftuenee  beyond  the  interior  circular  current  be  made  to  act  upon 
circle  to  any  dfstance,  provided  it  from  below,  whether  by  me«ns  of  a 
ight  current  do  not  pass  beyond     single  circle,  as  shown  m    ""  '"ine 


extends  it 
of  the   c' 

the  straight  current  d 


>■!<!  straight  current  on  the  circular  con-    .  _ 

ductor  impelJ  the  latter  toreyoha  id  tbe    .»m  of  luspension,  m  i 


by  a  spiral  coil,  as  that  of 


...,Cooc^[c 
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mined  hy  the  relMWe  direotioD  of  the    round  on  an  uci«,  A  X,  be  lobjeeted  to 
current.  the  action  of  a  circular  current  C  D,  llie 

plane  of  which  is  wholly  beloii*  it,  it  will 
revolve,  describing  a  conical  surfAce^ 
J^.  131. 


Fig.  128. 


lay  be  substituted  for  the 
revolution  «iU  in  general 
Pig.  129. 


Pig.  130. 


not  be  10  ra^nd  as  the  wire,  because, 
although  il  maj  convey  a.  more  powerful 
current,  the  weight  to  be  moved  ii 
also  proportionably  increased. 

(221.)  The  rotation  of  the  circulBT  or 
spiral  conductor  mar  in  Like  manner  be 
exhibited!  by  suspendinK  either  of  them 
from  a  point  in  the  axis  of  the  circle,  as  in 
Ig.  13D,  andsubjecling  it  to  the  action  of 


(223.)  Pursuing  this  investigation,  it 
becomei  evident  that  a  revolving  mo- 
tion will  equally  take  place,  if  the 
straight  conQuctor  be  parallel  to  the 
plane  of  the  circle,  provided  it  does  not 
exceed  in  length  the  radius  of  the  circle. 
Thus,  the  alraight  conductor  A  B,  fig. 
132,  vrhich  is  wholly  within  the  cin3e 
C  D,  revolves  round  the  aua  A,  in  ttte 
Fig.  132. 


a  terminated  vertical  current,  that  does 
not  extend  lo  both  sides  of  its  plane. 

(222.)  TheeiFect  is  the  same  at  what- 
ever ancle  the  direction  of  the  straight 
current  is  inclined  to  the  pkne  of  the 
circular  current,  provided  the  axis  on 
which  it  revolves  t>e  perpendicular  to 
that  plane  and  pass  through  its  centre. 
Thus,  it  the  wire  AB,/f.  131, moveabl 


same  direction  as  the  current  in  that 
circle,  when  its  own  current  is  passing 
from  the  circumference  to  the  centre. 
When  its  current  passes  from  the  centre 
to  the  circumference,  it  will  revolve  in  & 
direction  contrary  to  the  motion  of  the 
current  in  the  circle.  On  the  other 
hand,  if  the  straight  current  be  fixed, 
and  the  circle  moveable  round  its  centre, 
the  action  of  the  former  will  cause  the 
latter  to  revolve  in  directions  opposite 
to  those  which  have  been  just  stated. 

(224.)  It  may  be  observed  that  we 
have  limited  this  propositionto  the  cases 
in  which  the  ciurent  A  B  does  not  ex- 
tend beyond  the  circumference  or  the 
circle;  for  if  it  did,  as  seen  mjlg,  133. 
the  exterior  portion  A  B,  being  affected 
in  an  opposite  manner  from  the  interior 
portion  B  C,  there  would  arise  an  op 
position  among  the  rolatoi^  forces ; 
and  the  amount  as  well  as  direction  of 
the  resuUing  motion  would  be  regiilateil 
by  the  difference  between  them.    This 
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contrariety  of  effect  will,  on  the  other    tenor  4o  it,  which  maybe  obtswed  by 
band,  be  removed,  if  the  straight  cur-    (urrounding  the  cylinder  with  a  metallic 
«-_  ]33_  ring  of  larger  diameter,  and  making  this 

^'        '  ring  Ihe  medium  of  communicatiOD  with 

the  battery,  the  revolution  of  the  cylin. 
der  will  be  mule  in  the  oppofile  direc- 
tion to  what  it  was  before. 


(S2G.)  The  mutual  actions  exertea 
between  two  circular  currents,  may 
readily  be  collected  from  the  application 
of  the  general  law  of- attraction  among 
those  parts  in  which  the  directions  of 
the  currents  are  similar,  and  of  repul- 
sion  where  they  are  dissimilar.  If  one 
of  the  circles  be  fixed  and  the  motion  of 
the  other  be  limited  to  revolution  round 
an  axis,  the  effects  of  their  mutual 
action  will  depend  on  the  position  of 
the  centre  of  the  moveable  circle  with 
regard  to  the  plane  of  the  tiled  circle, 
and  also  upon  the  position  and  inclina- 
tion of  the  axis  witn  rektioa  to  the  line 
joining  both  centres, 

(227.)  If  Ihe  centre  of  the  moveable 
circle  be  in  the  same  plane  with,  the 
fixed  circle,  or  not  far  removed  from  it, 
whatever  be  the  inclination  of  the  axis, 
a  directive  force  will  ahse,  tending  to 
bring  the  whole  of  the  circuoiference 
into  that  plane,  and  to  make  it  assume 
such  a  position  as  that  the  currents  in 
Ihe  adjacent  portions  of  the  circle  shall 
be  in  the  same  directions.  Thus  C  D, 
{Jigt.  135  and  136,)  being  the  fixed. 


rent  be  wholly  exterior  to  the  circle,  as 
A  B,  J^.  134,  though  slill  moveable 
round  the  same  aus  as  before  The 
revolution  will  now  be  performed  in  a 
F^.  134. 


direction  contrary  to  that  of  the  interior 

current  intheformercase.  Thereaction 
of  an  exterior  current  on  the  circular 
conductor  will  likewise  be  in  the  oppo- 
site  direction  to  what  it  was  before. 

(225.)  It  is  obvious  that  every  thing 
that  has  been  itated  with  regard  to 
slraight  currents,  ttw  direction  of  which 
is  towards  or  from  the  centre  of  the 
circular  current,  applies  also  to  a  num- 
ber of  radiating  or  converging  currentK, 

Hence  if  Ihe  cylinder, /f.  129,  com- 
municaling  by  ils  point  with  one  of  the 
poles  of  a  voltaic  battery,  have  its  lower 
rim  immersed  in  a  flat  dish  containing 
mercury,  communicating  by  a  wire  from 
its  centre  with  the  opposite  pole  of  the 
battery,  radiating  or  converging  cur- 
rents will  tw  established  in  (he  mercury, 
which,  acting  on  the  vertical  currents 
existing  in  the  aides  of  the  cylihder,  will 
cause  it  to  revolve.  If  the  currents 
teodiiig  to  or  from  the  cylinder  be  ex- 


and  A  B  the  moveable  circle,  on  the 
axis  X  Y,  the  directive  force  will  bring' 
the  latter  into  the  position  E  s,  that  is, 
in  the  same  plane  with  CB  ;  and  this  will 
happen  equally,  whether  Ihe  axis  be  at 
right  angles  to  the  line  joining  their 

■ooglc 
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oentiM,  M  in  Jig.  135,  or  eohiude  witk 
H  R9  hi  Jig.  136,  o[  hkf  •  kDj  other 
indinatinn  to  it. 

228.  IT  the  centra  of  tba  moreibli 
circle  he  any  where  in  a  line  djKwB 
throi^  th«  centre  of  the  former,  and 
perpendicular  to  iti  plane,  the  moveable 
eirde  trill  tend  to  arrange  itielf  in  a 
plane  panJld  to  the  fixed  eircle,  and 
having  it*  cuvrenti  moving  in  a  iimilar 
direction.  This  is  evident  from /^.  137, 
in  which  tbe  same  kitcrs  at  b^ere  are 
VHdto  denote  the  eoireipoiKfing  poii^ 
Fig.  137. 


aetioni  of  eireulir  carreBts,  ehtier  or 
each  other  or  on  strai^t  conductors 
•re  most  advantageouslf  made  by  mean! 
of  a  flat  epirat  rciidered  astatie,  liy  op- 
|>osiag  to  it  a  limilv  coil  on  the  oppo- 
site arm  of  the  lever,  from  the  middle  at 
which  they  are  both  laxpended,  as  shown 
ia  fig.  13S,  the  spiral  tumi  being  ia 
Fig.  13a. 


£ 


(tas.)  In  both  eaaee  an  approxi- 
mative force  takei  plaice,  whenever  the 
moveable  eirela  liai  arrived  at  iti  po- 
ution  of  equilibrium ;  which  force,  in 
the  latler  caM,  is  particuhu'ly  ttrong;, 
inaimuch  ai  the  atlractbn  of  the  cor- 
respondinfc  parttofthecirctea  iiuaiform 
throushout  the  whols  circumfeivnce. 

(330.)  For  each  position  of  the  centre 
of  the  moveable  circle,  intermediate  to 
thoM  above  deieribed,  then  exiata  a 
particular  poaiiton  of  equilibrium,  the 
Lne  of  whicti,  if  prolonged,  would  iatw- 
sect  the  plane  of  the  fixed  circle  at  a 
certain  distance  beyond  it 

(231.)  All  theae  positions  of  equili- 
brium are  determinate,  and  ejiclude  the 
possibility  of  any  conlinued  rotator;  or 
revolving  motieui. 

(i32.)  When  an  electric  current,  afler 
traversiu);  a  cert«in  kne  of  oonductiog 
bodies,  returns  upon  itself,  so  as  lo 
arrive  at  the  point  from  which  it  had 
set  out,  or  very  near  it,  it  has  been  de* 
noniinaled  a  doted  eiraiit.  Such  is 
the  case  with  the  circles  we  have  been 
considering;.  One  of  the  most  import- 
ant facts  on  which  the  theory  of  electro- 
dynamic*  rests,  is  that  the  mutual  action 
of  two  closed  circuits  cannot  produce, 
in  either  of  these  circuits,  a  continued 
rotatory  motion  in  an  invariable  direc- 
tion i  and,  consequently,  no  aasemhlage 
of  closed  circuits  can  ever  be  made  to 
produce  such  rotatoi?  motion,  in  what- 
ever manner  Ihey  may  be  disposed, 

(133.)  Zxperimenta  on  toe  mutual 


different  directions  in  each,  so  thai  the 
rotatory  influence  of  tbe  earth  on  tbe 
one  shall  be  exactly  balanced  by  ita  in- 
fluence OD  the  other. 


(334.)  We  have  seen  that  the  action 
of  conducting  wires  rolled  into  the  form 
of  a  flat  spiral  is  similar  almost  in 
every  respect  to  that  of  a  simple  circular 
wire ;  but  when  coiled  round  the  sur- 
face of  a  cylinder,  so  as  to  constitute  a 
helix,  its  action  becomes  much  more 
complicated.  When  the  extremities  of 
the  wire,  after  eomplelinp  the  helix,  ere 
made  to  return  along  the  axis,  as  de- 
scribed Id  §  109,  and  shown  in  Jig.  71, 
constituting  what  has  been  termed  by 
Ampire  an  electro- dynamic  cylinder, 
the  whole  may  be  considerea  u  et^uiva- 
lent  in  effect  to  a  succession  of  eircle*, 
whose  planes  are  perpendicuhu*  to  the 
axis,  and  occupy  the  whole  length  of  the 
CTlinder.  To  determining  the  forces 
that  are  called  into  operation  by  such 
an  apparatus,  we  may,  therefore,  put  out 
of  consideration  the  slight  obliquity 
which  the  turns  of  the  spires  have  to 
the  axis,  and  the  efieot  of  which  is 
ipletely  neutralized  by  the  eorre- 
iding  portion  of  the  wire  that  passes 
ig  the  axis;  and  we  may  r^ard  ihe 
whole  as  composed  of  currents  nieu- 
lating  at  right  angles  to  the  length  of 
the  cylinder. 

(233.)  Sines  we  htm  seen  llutitt* 


spending  p 
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inftueiiM  ef  k  liiifle  eiraulu  mrod 
C  D,  fig.  116,  on  a.  siruclit  tenniatled 
current  A  B,  perpendicular  lo  the  plant 
of  the  cirele,  is  to  ioduee  in  it  a  ten- 
dency to  revolve  with  *.  motion  parftUel 
to  itself,  round  the  line  drann  fi^m  the 
centre  of  ttM  drela  perpendicularly  to 
its  plane,  it  is  evid«nt  that  the  additioQ 
of  similar  circles,  placed  in  suoeession 
exacfly  below  tiM  &«t,  (mppoung  the 
sxis  vertical,  a*  \%  the  figure,)  will  lend 
to  increase  this  foiee  of  Kvolutioii.  The 
effect  of  each  additional  eitcle.  it  b  true, 
is  less  than  the  preoeding,  nc4  only  tie- 
cause  its  diatanee  ta  greater,  but  also 
because  its  aetioa  ia  more  oblique,  and 
because  Um  diffeceoca  between  the  ao- 
tion*  of  the  nearer  and  aaore  remote 
portions  of  the  eirck  eontinnally  di- 
minishes as  the  angle  betweoi  the 
lines  drawn  from  the  several  points  in 
the  straight  conductor,  and  (be  cenires 
of  the  respective  cindet,  increases,  whieh 
is  the  ease  aa  they  are  further  removed 
fhim  the  extremity  of  the  straight  con- 
ductor. From  all  these  Mmndmtion^ 
the  force  by  which  the  current  A  B,  j^. 
139,  is  urged  to  revolve  round  the  axH^ 
f{g.  139. 
AA        


X,  in  conse<]uence  of  the  aclioQ  of  the 
luwenaost  circle  G  H,  is  plainly  lest 
than  that  eierled  by  the  circle  F  /,  and 
sill!  less  than  that  exerted  by  C  D 

(23G.>  On  the  other  hand,  if  we  add 
in  succeasion  a  number  of  circular  cur- 
rents uftooe  C  0,  they  will  conspire  with 
the  lower  circlei  in  their  eflbct  of  pro- 
ducinjt  a  tendency  to  revolution  in  the 
Etnight  condnctor;  but  each  will  do 
this  only  by  its  action  on  that  part  of 
the  conductor  that  is  above  its  own 
■^Mx\  to  iti  qierati(n  in  any  portion 


situated  Mow  that  plane  bta  produce 
a  revolution  in  the  oontMry  dirttction. 
Bo  that  the  action  exerted  upon  any 
elementary  portion  of  a  vertical  eurrent, 
at  S,  for  exsmple,  is,  as  br  ss  it  depends 
upon  the  cirdes  alxive  thut  which  is 
nearest  to  it,  exaclty  balanced  by  an 
equal  number  of  oirdes  below  it;  that 
is,  the  eirclea  lyina;  between  C  and  *  are 
eonnterbalanoed  ^  those  \3fa\%  belncen 
«  and  F,  the  whole  of  that  portion  of 
the  cylinder  between  C  ana  F  being 
neutralized ;  and  the  odIv  portion  that 
is  active  being  that  which  lies  bevond 
F,  that  is.  between  F  and  G.  'This 
iKtive  part  of  the  cylinder  becomes 
smaller  in  proportion  lA  the  element  is 
situated  nearer  to  the  plane  which  di- 
vides the  cylinder  into  two  equal  parts ; 
and  A  this  point  the  action  is  reduced 
tonolliing:  on  the  contrary,  it  increases 
as  (he  element  comes  nearer  to  either 
extremity  of  the  cylinder,  where  it  is  the 
greatest  of  all.  These  extremities  may 
accordiogW  be  considered  as  the  mline 
poles  uf  tne  cylinder,  round  which  the 
revolution  of  ibe  conductor  is  made ; 
the  resnltant  of  all  the  forces  called  into 
action  byevery  part  of  the  cylinder  has 
the  direction  of  the  tangent  of  the  circle 
of  revolution ;  that  is  to  say,  is  at  light 
angles  to  the  line  joining  the  straight 
conductor  and  tha  pole. 

(337.)  It  ia  banUy  neoessary  to  re- 
mark that  the  action  in  this,  as  in 
•very  ottier  instance,  is  reciprooll  be- 
tween the  straii;ht  conductor  and  elec- 
tro-dynamic cylinder;  so  that  if  the 
conductor  be  fixed  and  the  qrlindcr 
moveable,  the  latter  will  revolve  round 
the  former ;  or,  if  restricted  to  a  motion 
round  its  own  axis,  it  will  perform  a 
rotatory  movement  round  that  axis. 

(236.)  The  same  tendency  to  revolu- 
tion about  the  poles  of  an  electro-dynamic 
cylinder,  arising  from  a  force  of  a  tan- 
gential bind,  apparently  emanating  from 
these  poles,  is  observed  to  take  place, 
whatever  ba  tha  angle  of  ioolinalion 
between  the  straiiiht  conductor  and  the 
axis  of  the  e^Under.  In  order  to  ex- 
plain this  cunous  fast,  the  application 
of  which  is  of  oonsideralile  importance 
in  a  theoretical  point  of  view,  w«  must 
avail  ourselves  of  the  principle  enun- 
ciated at)ove  ($  138),  namely,  that  the 
electro- dynamic  action  of  ourrenla  that 
occupy  in  a  umilar  muin^  two  different 
surfaces,  subtending  the  same  angular 
extent,  and  lying  in  the  same  direction 
vrith  itffarenee  to  any  point,  on  an  eU- 
m«itii7 portion  vl  munttt  ntnattd^^^gl^. 
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that  point,  are  equal.  It  will  alio  be 
convGnient  to  analyze  the  actions  o( 
each  circular  current  into  those  exerted 
in  jilanes  M  right  angles  to  each  other, 
a  mode  of  viewln);  ihem  which,  being 
analogous  to  the  artifice  of  the  re- 
solution of  forces  conitautly  resorted 
to  in  dynamics,  will  make  no  dif- 
ference in  the  results.  Conceive,  theo, 
that  the  currents,  instead  of  moving 
in  the  cireu inference  of  a  circle,  tra- 
verse the  four  sides  of  ft  square,  and 
that  Ihe  cylinder  is  represented  by  % 
square  prism.  8  N,  /^.  140,  is  in- 
tended to  convey  the  i<fea  of  a  inisiD, 
■o  constituted,  the  surface  of  noich  is 

Fig.  no. 


occupied  by  electric  currents  circulating 
round  each  of  Ihe  Uminee,  into  which  it 
may  be  divided  by  planes  perpendicular 
to  its  axis,  the  direction  of  the  currents 
being  marked  in  the  two  udes  which 
come  into  view,  by  the  arrows.  On  the 
■ides  opposite  to  them,  and  which  are 
not  seen,  the  currents  are,  of  course, 
moving  in  the  contrary  directions. 

(239.J  Let  us  now  examine  the  effecls 
of  currents  in  each  side  upon  a  straight 
conductor,  whose  direction  is  at  right 
angles  to  the  axis,  and  which  is  placed 
in  various  positions  with  regard  to  the 

Let'  P  Q  R  8,  fig.  141,  be  the  upper 

surface  of  this   prism,  its  axis  bemg 

horizontal ;  let  W  be  the  section  of  & 

vertical  conducting  wire,  of  indefinite 

Kg.  Ul. 


PQ." 

Since  the  currents  are  passing  in  op- 
posite directions  in  the  upper  and  lower 
surfaces  of  the  prism,  their  effects  on  W 
(as  far  as  any  horizontal  motion  is  con- 
cerned) are  completely  neutralixed  ;  and 
we  need,  therefore,  only  examine  the  ac- 
tions ofl  he  vertical  surfaces  P  Q  and  R  S. 
Let  RW  and  8  W  be  the  aections  of  two 
vertical  planes,  drawn  from  W  to  R  and 
to8,cuttingFQinUandVrespectively. 
It  follows  from  the  proposition  above 
referred  to  that  the  actions  of  the  cur- 


tweeu  U  and  V,  are  e^tactly  baluKed 
by  the  currents  in  the  whole  of  the  sur- 
face R8,  opposite  to  it,  and  which  run 
in  oontrary  directions.  The  resultine 
action,  therefore,  will  be  determmed 
only  by  the  currents  in  the  remaining 
portions  oC  the  surface  P  Q,  situated 
between  P  and  U  on  tlie  one  side,  and 
between  V  and  Q  on  the  other,  both  of 
which  attract  the  current  in  W:  the 
former  in  the  direction  of  W  u,  the  lat- 
ter in  the  direction  W  c.  These  two 
forces  combine  in  giving  a  resultant  in 
the  direction  W  r,  indicating  an  attrac- 
tion towards  the  centre  o{  the  prism. 

(240.)  In  proportion  as  the  sttuatitn 
of  the  vertical  conductor  is  taken  nearer 
to  either  of  the  extremities  of  the  prism, 
such  as  Q  S,  for  instance,  the  portion 
PUoftbe  sidePQ,intercepted  between 
the  plane  RW  and  the  extremity  P, 
increases  in  extent,  while  the  portion 
VQ  diminishes.  Consequently  the  ftxecs 
arising  from  the  attractionsof  the  former 


resulting  force  gradually  becomes  inon 
inclined  towards  P. 

(241.)  When  W  is  situated  in  the 
plane  of  the  side  Q  S,  as  in^.  142,  the 
force  arising  from  the  currents  adjoining 

Fig,  142. 


length,  perpendicular  to  the  plane  of  the 
figure ;  and  let  the  current  be  moving  in 
this  wire  in  the  same  direction  as  those 
currents  which  traverse  the  adjacent  ver- 
tical side  of  the  prism,  of  which  the  upper 
edgeisPQ,  We  shall  suppose,  for  exam- 
ple, that  the  currents  are  ascending  in  the 
wire,  and  also  in  Ihe  side  adjacent  to  it, 
whence  they  traverse  the  upper  side 
from  P  Q  towards  R  8  (as  denoted  by 
the  arrows),  descending  again  on  the 
ude  o^Kisite  to  W,  and  of  which  the 


to  Q  vanishes  entirelv.  and  the  action 
upon  the  wire  depends  solely  upon  the 
currents  in  the  remoter  division  of  the 
side  PQ,  namely,  that  comprehended 
between  P  and  U.  The  resultant  force 
will  therefore  be  directed  towards  these 


electro-magnetism: 


)!QiTeiits,  beiciE  neBrly  at  nght  angles  to 
ttie  line  W  g. 

(242.)  When  W  U  situated  on  the 
other  side  of  this  line,  as  shown  in  fig, 
143,  the  extent  of  the  active  portion  of 
the  surface  F  Q  has  increased  consi- 
derably, for  it  now  occupies  the  large 
space  F  U  ;  but  its  power  has  not  in- 
creased in  the  lame  proportion,  because 
Fig.  143. 


of  the  line  Q  S,^.  14S,  the  current* 
between  P  and  Q  being  neutralized  by 


its  action 

more  distant  than  it  was  liefore.  The 
resultant  of  this  action  is  in  the  direc- 
tion W  M,  It  is  combined,  however, 
wilh  another  set  of  forces,  thoie  arising 
from  the  uncompensated  portion  V  8,  of 
the  surface  R  S.  situated  between  3  and 
the  vertical  plane  W  Q  V.  The  cur- 
rents in  this  portion  are  moving  in  a 
direction  contrary  to  that  in  W :  their 
action  upon  it  is  therefore  repulsive,  and 
the  fottw  thence  arising  mav  be  repre- 
sented t>y  W  K,  which,  combined  with 
W  u.  gives,  as  a  final  resuiunt,  tl)e  force 
Wr. 

(243.)  When  W  is  placed  in  the  pro- 
longation of  the  axis  of  the  prism,  as  in 
fig,  144,  it  is  attracted  by  the  whole  of 
the  currents  in  the  side  P  Q.  and  re- 
pelled by  the  whole  of  those  in  R  8, 
\Fig.  144, 


'  Tf^** 


those  between  V  and  3,  the  only  active 
currents  are  those  between  R  and  V, 
which  being^  repulsive,  the  resultant  is 
in  the  direction  W  r. 

(246.)  When  the  situation  of  W  is  as 
shown  in  fig.  147, the  active  portions  of 
the  currents  are'  those  occupying  the 
spaces  R  U  and  T  S,  which  being  both 
repulsive,  and  acting  according  to  the 
directions  Wu  and  Wp  res)>ectively, 
join  in  producing  the  resultant  W  r. 


Bg.  147. 


I'r, 
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the  former  pving  rise  to  the  force  Wu, 
thelalterto  the  forceWp,  their  result- 
ant lieing  W  r. 

(244.)  When  Wis  in  the  situation 
represented  in  fig.  145,   the  currents 
situated  between  V  and  8  are  neutra- 
lized by  thoie  between  P  and  U.    Those 
Fig.  149. 


(247.)  Thus  it  appears  that,  combining 
all  the  results  of  this  induction,  the  con- 
ducting wire  is,  in  every  situation,  urged 
by  a  force  impelling  it  in  the  direction  of 
a  tangent  to  the  circumference  of  a  cir- 
■^I',  C,  Jig.  148,  round  the  extremity  of 
the  prism,  P,  which  may  therefore  tie 
considered  as  having  the  functions  of 
Fig.  14S. 
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between  R  and  V  repel  W  in  the  direc- 
tion of  Wv,  while  those  between  U  and 
Q  attract  it  in  the  direction  W  u,  forces 
which  produce  the  resultant  W  r. 
(845.)  When  W  is  in  the  prolonsatioa 


a  pole.  The  forca  thus  arising  pos- 
sesses the  same  character  of  t>eing  rota- 
tory and  tangential  as  that  which  was 
exerted  on  the  same  wire  when  its  direc- 
tion was  [Mrallel  to  the  axis :  and  if  it 
possess  this  character  in  two  directions 
that  are  at  right  angles  to  each  other,  it 
may  fairly  be  inferred  that  the  law  is 
general,  and  that  it  appHes  to  all  the 
intermediate  inclinations. 

(248.)  The  explanation  above  given 
will  be  sufficient  to  convey  a  general 
idea  of  the  applicalion  of  the  theory  to 
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»  XlECntO-MAQNSnUI. 

ttH  phcttonmon  in  qiie*t»iL    But  Ihe  raipcct  by  tbt  rdWiN  pnMtinn  «f  tfa* 

■abject  hu  bren  isTcstigaled  with  ftll  the  axii  of  Ihe  cylinder. 

rieoiiT  of  [Ti&thematical  analysiti.  and  the  iv.  The  action  of  this  ejlmdR'  vpaa 

results  determined  wiih  all  the  precision  conducton,  of  whaterer  fona  or  inafni- 

that  catf  be  req^uired  for  OMaparison  tude,  is  Mibject  to  Ihe  mow  eonditioiis, 

with  actual  eipenment.     We  have  pur-  beioK'  dqiendent  aokiy  upoa  the  posi- 

poscly  omitted  nreral  of  the  niouler  tiwi  of  tbit  extreaity,  whM^  is  refcrwd 

delaili  which  mre  eren  compatible  with  lo  tbe  eonduetor,  «nd  rcmaina  the  Mine 

the  popular  view  we  have  presented,  but  whatever  be  tbe  ifoedioB  of  the  axia  «f 

which  wonld  have  required  more  com-  the  cylinder  *. 

plicated  diopune  for  their  ex})osition,  <250.)  The  condosioas  thus  deduced 

and  considerably  knfcthened  the  inquiry,  from  the  evidence  of  dxervalion.  com- 

but  which  have  no  material  influence  on  bined  with  tbe  deductioni  from  theoij, 

the  ultimate  conclusions.    Thne,  if  the  indicate    the    itrongest    analagy.    >i>d 


indefinite  in  length,  were  terminated,  a^ncy  of  dectro-dynamie  ^linden  and 
and  wholly  above  Ihe  horiionlal  pntm,  that  of  magnets.  The  law  of  their  ac- 
it  would  tiefoiind  that  there  is  noloRg«r  tkm  upon  an  electric  cun'oit,  and  of  the 
that  exact  compensation  between  the  reaction  of  the  lalter  upon  both,  is  pre- 
currrntsinlheupperandlawersurfaces;  oiiely  the  same;  so  much  si^ that  tf  we 
for  when  the  conductor  is  immediately  had  the  comnand  of  suffieieDlly  power- 
above  the  prism,  the  upper  currenle  ful  eurrentg,  ilie  electro-dynamic  qrlio- 
have  a  much  more  considerable  influ-  der  might  be  substituted  for  ihe  mag- 
ence  on  it  thnn  the  lower  currents,  and  net  in  all  the  experiments  we  have  de- 
ur^e  it  on  its  revolution  in  Ihe  same  scribed  in  the  last  Chapter,  and  Ihe 
direction  as  that  in  which  it  was  moving  same  reaulta,  whether  of  allraction.  te- 
from  the  effect  of  the  other  forces  in  pulaioa,orrev(dution, would  bcoblained 
operation.  At  the  remotest  part  of  the  mm  them.  Tbe  two  ezlTemitias  of  an 
circle,  the  lower  currents  come  more  into  eiectro-dynamic  cylinder  eahibU  aH  the 
operaiioQ  fhim  Iheir  acling  with  less  properties  poesesaed  hy  the  poles  of  a 
obliquil;r  than  (he  upper  currents,  and  magnet ;  that  end  in  which  the  cnmnt 
concur,  in  their  turn,  in  augmenting  the  of  positive  electricity  is  moving;  in  a 
teodenq'  to  revolution  in  the  same  di-  direction  similar  to  the  movemeBts  of 
rection.  the  hands  of  a  waicli,  acting  aa  tbe 

(249.)  The    following  laws    an   ob-  touih  pole  of  a  common  magnet  ;  and 

tained  as  the  results  of  tite  mathema-  the  other  end,  in  which  ihe  cunent  is 

tical  investigation  of  the  subject:—  moving  in  a  conliary  manner,  nuwifcst- 

i.  Theaclion  of  a  very  slender  electro-  ing  a  jwrlkem  polarity. 
dynamic  cylinder  upon  an  elementary        (2SI.)  It  will  he  leadily  anticnpaled. 

portion   of  a  current   may  be  resolved  from  the  known  resemblanoe  between 

into  two  forces,  acting  in  directiana  per-  the   action   of  electro-dymunieal  e^in- 

pendicolar  to  the  direction  of  the  cur-  ders  and  of  magnets  on  electriccam  ' 

rent,  and  also  respectively  perpendicu-  that  two  such  cylinders  will  vet  \ 

lar  to  the  lines  drawn  from  it  to  each  of  each  other  precisely  m  the  xaine  way 

the  extremities  of  the  avis  of  the  (^lin-  as  magnets  do.     Theory  coofinnt  tbt 

der ;  each  of  these  forces  being  Inversely  exactness  of  this  general  conduaion ;  for 

as  the  squares  of  these  distances.  the  following  is  the  law  to  which  mathr 

ti.  The  action  of  an  electro-dynamic  maticfdexominationcoadactf  iis.namd;, 

cylinder  upon  an  indefinite  conductor,  that  the  mutual  action  fA  two  dectro- 

perpendicular  to  its  axis,  may,  in  like  dynamic  tyUtidera  may  alwayt  be  rcpa«- 

manner,  be  reduced  to  two  tangential  sented  by  four  forces,  having  Ihe  dire»- 

forcea,  aa  in  the  former  case ;  but  these  tions  of  lines  drawn  from  each  extrcmily 

forces  are  in  the  simple  inverse  ratio  of  of  the  one  to  both  exli«mities  of  the 

the  distances  from  the  extremities  of  the  other,  and  being  lo  one  anmher  in  the 

cylinder.  reciprocal  ratio  of  the  squares  of  these 

iii.  If  the  length  of  the  eleotro-dynamio  lines,  provided  these  distances  be  nut 

cylinder  be  supposen  lo  be  tndeBnile,  its  eiceeditigly  small  t. 

adion  upon  an  elementary  portion  of  a  : ttt 

ounrat  .ill  Hcpend  .ntir.rnpoii  He  J„i"';i^£; '.li^iSriKJSl-S'iS 
relative  positions   of  the  element,   and 
that  extremity  of  the  t^Liader  to  which 
it  is  refcired,  and  ii  n^uenced  in  no 
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(992.)  TTw  mutnid  Mtion  of  deotro- 
dfnamie  ejrlinde^  ob  an^tnett  ii  tha 
nme  m  that  of  two  nmi^a  on  ckch 
other,  10  th&t  in  my  experiment  the  am 
mnr  b«  tnbstituted  for  the  other  mthont 
affecting  the  natun  of  the  lemlt. 

caiPTBR  xn. 

T%eoriu  of  Eleetro-Uagnetum, 
i  l.Eleetro-Hfagnetie  Theory  t^K>«r$ltd. 
(253.)  Tkb  disooreiy  of  the  remu-k- 
Hhle  phenomenft  of  deetro-nMgneliini 
tiKturally  gave  rise  to  the  invention  of 
a  variety  of  hypotheMi  fer  their  ex(dk- 
nation.  Adopting  the  theory  whiiA 
•seribet  the  eleatrio  phenomena  to  the 
agency  oftwe  fluids,  composing  by  their 
union  a  neutral  fluid,  and  exhibiting 
their  peculiar  powen  when  that  union 
in  decompoied,  and  when  they  are  ob- 
tained leparately,  Profeuor  Oersted 
conceived  that  a  diatinct  claai  of  efiecli 
resulted  during  the  act  of  their  reunion ; 
trhich  was  marked,  not  only  by  mecha- 
nical agilafions  amao^  the  putidei  of 
bodies, ^y  the  production  of  sound,  t^ 
the  evolution  of  light,  and  by  the  dis- 
engagement of  heat,  l>nt  also  by  the 
disturbance  of  the  magnetic  equilibrium. 
These  phenomeDB  seemed  to  indicate 
the  oeourrence  of  great  and  ludden 
changes  tidting  plus  in  the  condiliona 
of  two  powerful  agentt  at  the  moment 
of  their  eoalcacence,  and  suggested  to 
Oersted  the  ide»  that  something  ana- 
lo^us  to  a  shack  takes  place  when  the 
fluids  rush  together  firom  a  distance. 
During  ^vanic  action,  the  separation  of 
the  two  electric  fluids,  proceeding  with- 
out interminion  in  one  part  of  tne  ap- 
paratus, and  their  reunion  being  in  like 
manner  efifected  in  perpetual  sequence 
along  the  conducting  bodies  which  com- 
plete the  circuit,  Iw  conceived  that  > 
continued  Mriea  of  dedric  shocka  took 
place  throughout  the  wbtde  line  of  eon- 
ducton ;  a  condition  which  he  expressed 
by  the  term  Eleetrie  Confliel. 

(2540  Jf  these  views  be  correct,  it 
must  follow  that  the  electric  fluidi, 
which,  whether  at  rest  or  in  motion, 
have,  when  isoltted,  no  ^>parent  in- 
fluence on  magnetic  bodies,  acquire, 
during  their  conflict,  the  {Mwer  of  af- 
fecting flieM  bodies,  "nut  hypotheiia 
wa*  exprassed  bv  Oersted  in  the  foUow- 
itK  words :  **  lite  electric  conflict  acta 
OHiy  on  the  magnetic  partielei  of  mattar. 


ion>mBflnetie  t 
B  by  tBe  <be 


mttnetio  bodiet,  m-  rather  their  aa^ 
netio  particles,  rcairt  the  putage  of  Iba 
conflict  Hence  Uwy  can  be  moved  by 
the  impet  a  of  tb«  contending  powera. 
It  if  auffieiently  evidoit  that  the  eteolrii 
conlfiet  is  not  oonSned  to  the  ooaductor, 
but  dispersed  pretty  widely  in  the  cir- 
cumjacent space. 

"  We  may  likewiae  coUeet  that  thi* 
conflict  performs  wcks;  for  without 
this  CD  dition,  it  seems  impossitile  that 
one  p*rt  of  the  uniting  wire,  when  {riaoed 
belovr  the  magnetic  pole,  should  drive 
it  towards  the  easl:,  and  when  placed 
above  it,  towards  the  west— <see  i  13, 
fig;  I  and  S):  for  it  is  the  nature  of  a 
cirde  that  the  motions  in  opposite  parts 
should  have  an  opposite  direction.  Be* 
■ides,  a  motion  in  circles,  joined  with  a 

Koiressive  motion,  according  to  the 
iRth  of  the  conductor,  ought  to  fbrn 
a  conehoidal  or  spiral  line  ;  but  this, 
unless  1  am  mistaken,  contributes  no- 
thing to  explain  the  phenomena  tiitherlo 
observed. 

"  All  the  efitels  of  the  north  pole 
are  easily  understood  t>y  supposii^  tbU 
magnetic  electricity  moves  in  a  spiral 
line  bent  towards  the  ri^t,  and  propels 
the  north  pole,  but  dots  not  act  on  the 
south  pole.  The  efi^s  on  the  south 
pole  are  eiploined  in  a  similar  manner, 
if  we  ascribe  to  positive  electricity  a 
contrary  motion  and  power  of  acting 
on  the  south  pole,  but  not  upon  the 

(2SS.)  The  views  entertained  by  Oer- 
sted were  very  generally  adopted  by 
philosophen  who  prosecuted  the  path 
of  discovery  he  had  laid  open.  It  was 
the  prevailing  belief  that  electricity  in 
motion  had  magnetic  propertiei*,  or 
rather  that  it  imparted  to  the  body  that 
conducted  it  a  sprcies  of  transverse 
magnetism.  Some  conceived  that  the 
action  revmbled  that  of  a  series  of 
magnets  placed  around  the  axis  of  the 
conductor,  at  right  angles  to  each  other, 
their  poles  being  situated  in  four  lines 
psiallel  to  the  axis,  and  formiof^  a 
square,  as  represented  in^.  149,  which 


exhibits  a  section  of   the  conducting 
wire,  and  four  magnets  with  their  polei  ' 
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mulifld  n.  (,  'mptetiTelf,  aueeeeding  (3i7.)  But  there  is  itill  onedaMof 

each  other  in  a  r^^ular  order  of  alter-  phenomena  which   the    hjrpotheui  we 

nation  round  the  wire.     But  this  hyptv  are  considering  is  tofill}'  inadequate  to 

thesis  cannot  be  a  faithful  represenla-  ezpiain;   that  comprising  the  rotatory 

tioD  of  the  phenomena;  for  it  is  found  movements  cither  of  magnets  or  of  con- 

.    on  experiment  that;  the   action  of  the  ductors,  and  which  movements  may  be 

conducting    wire    upon    a   magnetized  maintained  with  uniform  velocity  not- 

needle  is  exactly  the  same  in  even'  part  withstanding  the  retardation  &om  fric- 

of  its  circumferenee.     If  the  wire  be  tion,  or  the  impediments  of  a  resisting 

vertical,  for  instance,  its  effect  ii  the  medium ;  exhibiting,  in  fact,  the  estra- 

■ame  in  all  aximuttis,  and  has  no  rela-  ordinary  spectacle  of  a  really  pnpetual 

tion  to  any  rectangular  ^anes  passing  motion.    The  supposition  of  «  series  of 

through  the  axia  of  the  wire.  magnets  encircling  the  conducting  wire 

(aS6.)  With  this  correction,  the  hypo-  will  not  account  for  thia  ranitinuea  mo- 

theiis  that  a  conducting  wire  acts  as  if  tion ;  for  it  is  certain  that  no  actual 

a  series  of  minute  mapieta  were  placed  combination  of  nagnela,  nor  even  any 

in  Bucceiaion  round  its  circumference,  conceivable   arrangement   of   magnetic 

with  their  opposite  poles  facing  each  particles,  could  ever,  consistently  vrilh 

other,  will  account  for  a  large  class  of  the   known   laws   of    magnetic   action, 

phenomena.     It  explains  why  a  com-  produce  any  approach  to  perpetual  ro- 

patB  needle  assumes  its  p^uliar  position  lation.    In  crder  to  obtun  auch  tnovr- 

at  light  angles  to  the  axis  of  the  wire,  menis,  the  agant  b-om  which  the  force 

in  obedience  to  the  directive  influence  of  emanates  must  itself  be  in  motion,  and 

that  particular  portion  of  the  imaginary  must  revolve  round  the  axis  of  (he  wire, 

■eries  of  magnets  which  is  the  nearest  to  while  traversing  itfromeod  to  end,  with 

the  needle,  see  flg.  ISO;  and  also  the  the  utmost  rapidity.    Such  was  the  pe- 

mutual  attraction  between  the  needle  culiar  kind  of  movement,  partly  longitu- 

„  dinal,andpartlyeircular,whichDr.Wo!- 

^rig.  ISO.  laston  altnbutedto  the  electro -mafrnelic 

'~                              -  B^ent,  and  which  he  larmed  its  verti- 

tgtnoiu  tnolion. 
(358.)  A  further  emendation  must, 
therefore,  be  made  in  the  hypolheus  in 
order  to  adapt  it  to  the  phenomena,  by 
supposing  that  the  two  magnetic  fliuds, 

•ti  j—^^ ''                        N  which  accompany  the    electric    Huidi^ 

J  ..        .          J     .1                     ,  when  the  latter  are  set  in  motion,  and  in 

and  the  wire  undw  these  crenmsUnces  ,  ^^^^  of  conflict,  (if  we  choose  to  adopt 

It  also  explaana  the  other  fundamental  the  phraseology  of  Oersted,)  acquire  * 

fact  in  the  science;  namely,  the  mutual  ^Sgimm  -Jiftw  in  oppositTdinw- 

actions  exerted  between  two  conducting  tions  transversely  to  the  siis  of  the  «»- 

wiTM :  for  when  the  currents  are  passing  juclor ;  that  is,  the  boreal  fluid  tevolvine 

in  the  same  direction  m  both  the  vn res  ;„  ^^^  direction,  and  the  austral  fl,S 

asmAandB.;^.151.  the   polantiea  i„  the  other;  these  determinations  being 

Fi^.  151.  given  lo  them  by  the  direction  in  which 

^  ^            S'   K.           9*   ^  "'  ^'^^^  fluids   are   moving   in    the 

•^^B^'    *^K^    *y^C^'  conductor,  dependent,  of  course,  apon 

'I      A  "I   l'    ^  "I    r*   J»      I*  -the  relative  positions  of  the  poles  of  the 

«r''J!«''Jlf®      \u  voltaic  apparatus  from  which   they  pro- 

*V^  ^t  <\  >''" '*\   Z'  ceed.    TTiere  will  result  from  this  pecu- 

it-  f           rf-  -s            >  ^  liar  kind  of  movement,  not  only  ail  the 

of  the  minute  magnets  on  the  sides  adja-  effects  that  we  have  just  seen  to  be  the 

cent  to  one  another  will  be  reversed,  and  consequence    of    quiescent    circles    of 

they  will  consequently  altract  one  an-  magnets,  but  also  those  of  a  ratator;- 

other.    The  contrary  will  happen  when  nature,  which  nothing  but  an  aj^nt  in 

the  currents   are   passing    in   opposite  motion  could  produce.    The  tan^ntial 

directions  in  the  two  wires,  as  in  A.  and  action  of  a  conductor  upon  a  mafrnet  is 

C  ;  for  then  the  polarities  of  the  mag-  a  necessary  consequence  of  the  traos- 

neta  lielonging  to  each,  which  are  ad-  verse  motions  of  the  magnetic  fluids  in 

•  'joining  to  each  other,  are  the  same  in  the  conductor;  and  the  ralatioia   of  a 

Kind,  and,  therefore,  repulsive  of  each  magnetic  pole  round  that  conductw,  or 

other.  Gonveraely,  the  molntiona  of  tbe  «»- 
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ductor  Tounci  ft  magnet,  are  phenomena 
oIm  naturally  resulting  from  the  verti- 
ginous circulation  of  the  two  fluids. 

(2S9.>  The  mutual  attractions  and  re- 
pulsions of  parallel  conductors,  are  at 
once  referred,  aa  in  the  former  case,  to 
the  action  of  parallel  magnets  having 
their  poles  in  the  same  or  in  opposite 
directions.  If,  for  example,  the  electro- 
ma^etic  current  be  moving  in  the  same 
direction  in  two  parallel  conduct) ni; 
wirei.  the  stream  of  austral  maEnetic 
fluid  helon^ing  to  one  wire  will  be  flow- 
ing in  (he  same  direction  as  the  boreal 
magnetic  fluid  belonging  to  the  other 
wire,  in  that  part  vrhich  is  adjacent  to 
it ;  and,  on  the  other  hand,  the  direction 
of  the  boreal  fluid  of  the  former  will  co- 
incide with  that  of  the  austral  fluid  of 
the  latter  wire,  in  the  adjacent  part. 
According  to  the  known  laws  of  mag- 
netic action,  Ecllraction  must  be  the 
result  of  such  a  state  of  things ;  for  the 
boreal  and  austral  fluids  attract  one  an- 
other. If  W  and  w.  Jig.  152,  represent 
sections  of  Ihe  conducting  wires  m  both 
of  which  the  current  of  positive  elec- 
tricity is  descending,  the  arrows  in  the 
circumference  of  Ihe  outer  dotted  drcles 
Fig.  152. 


A  A,  will  point  out  Ihe  directions  in 
which  the  austral  magnetic  fluids  cir- 
culate on  the  surface  of  Ihe  wires ;  and 
those  on  the  inner  circles  B  B,  the  di- 
rections in  which  the  boreal  fluids  cir- 
culale,  and  it  will  be  seen  that  in  the 
partd  p  and  o,  when  they  are  nearest  to 
each  other,  the  austral  fluid  in  the  one 
is  moving  in  the  same  direction  as  the 
boreal  fluid  in  the  other,  and  we  may, 
therefore,  expect  that  they  will  attract 
each  other, 

(SCO.)   If  the    electric    currents  be 

moving  in  contrary  directions  in  the 

two  wires,  as  represented  in  a  similar 

manner  ia/g.  153,  opposite  effects  will 

Fig.  153. 


result ;  for  in  that  case  both  the  streams 
of  austral  fluid  ere  moving  in  the  same 

direction  in  the  adjacent  parts  of  the 
wires,  and  must  consequently  repel  one 
another;  and  Ihe  same  thing  happens 
with  r^rd  to  the  streams  of  boreal 
fluid,  which  flow  in  the  contrary  direc- 
tion to  those  of  the  austral  fluid. 

(261.)  Such,  then,  is  Iha  hypothesis 
that  hss  been,  after  proper  emendationv, 
made  to  correspond  with  the  pheno- 
mena, and  which  may  be  assumed  as  a 
correct  representation  of  them.  It  must, 
at  the  same  time,  be  admitted  to  he  an 
exceedingly  strained  and  artificiat  hy- 
pothesis, at  variance  with  the  analogy 
of  all  other  physical  forces,  and  repug- 
nant to  our  ideas  of  that  simplicity 
which  seems  to  pervade  all  the  opera- 
tions of  the  material  world.  All  other 
hnown  accelerating  forces,  emanating 
from  a  certain  point,  and  exerted  upon 
another  point,  act  in  the  direction  of  the 
line  joining  these  two  points.  Such  is 
the  case  with  the  electric  and  with  the 
magnetic  actions,  in  all  the  cases  that 
belong  exclusively  to  the  one  or  the 
other  of  these  two  clasaes  of  phenomenn. 
When  two  conducting  wires,  tient  into 
helices,  act  upon  one  another,  which 
they  do  in  a  manner  that  imitates 
very  exactly  the  mutual  action  of  two 
magnets,  the  action  is  purely  electri- 
cal, and  is  exerted  in  the  linea  of  di- 
rection that  join  the  acting  points. 
The  same  is  the  case  with  two  magnets, 
when  magnetism  alone  is  concerned. 
But  when  a  helix  and  a  magnet  act 
upon  one  another,  and  present  the  very 
same  phenomena  as  in  either  of  the  pre- 
ceding cases,  the  theory  assigns  a  tan- 
gential direction  totheforcea  then  called 
into  operation.  That  a  mode  of  action 
which  is  simple  and  intelligible  in  the 
case  of  actions  either  purely  electric  or 
purely  magnetic,  should  be  so  suddenly 
and  so  completely  chan^d  when  the 
electric  and  magnetic  flmds  act  mutu- 
ally upon  one  another,  would  be  a 
strange  and  scarcely  conceivable  ano- 
maly m  physical  science. 

(262.)  We  may  avoid  all  these  diffi- 
culties by  adopting  tb«  theory  of  declro- 
magnetism  devised  by  the  genius  of 
Ampere,  and  ably  supported  by  hix 
mathematical,  in  conjunction  with  his 
experimental  researches.  Of  this  theory 
we  shall  proceed  to  give  an  account. 


(263.)  The  [^Knomcnx  relating  to  the 
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icimioeofd«etto-B»0»tiim  taay,asi>«  tanfi  dettdwd  &on  t  migBetiebtr  ne 

hAve  seen,  be  reduced  1o  three  cIumi,  themtelvea  complete  mBgnets,  the  eleo- 

or  ^neral  fact* :  the  firit  being  the  cto-  trie  current*,  (rocn  wliicn  it  derires  iti 

lution  ol  >.  l&nKenlial  and  rotatory  force  properties,  must  be  conceived  aa  circti- 

usually  exerted  between  n  oonductinK  lating  round  each  of  theie  tngments 

body  and  a  raurnet)  the  lecond,  the  aeparatelr,    or  rather  round   puiides 

tniniverse  induction  of  tnagnetiBm  bj  smaller  man  any  that  can  be  obtained 

the  former  in  luch  bodien  as  are  luicep-  by  mechanical  division.    Each  particle, 

tibleot  receivini;  it;  and  the  third,  the  ormaenetic  element,  may  be  regarded 

attractive  or  repulsive  force  exerted  be-  as  conslilutinn  a  voltaic  circuit,  analo- 

tween  two   electric  currenti  traversing  gout  to  a  voltaic  Dile  of  which  the  two 

(liiferent  conductor!.    In  the  magnetio  ends  are    united    oj   conductora ;    the 

theory  already  discuised,  the   tint   of  vilreous  and  the  reainous  electric  fluids 

these  is  conatdered  as  being  (he  most  being  separated  at  one  point  of  the  cir- 

general  fact,  and  the  other  two  as  being  euit,  circulating  in  contrary  directions 

merely  its  ooniequences.    Ampere,  on  round  the  particle,  until  they  meet  toge- 

the  contrary,  assumes  the  last  of  these  ther,  and  by  their  reunion  again  forming 

facts— that  is.  the  mutual  attractions  and  the  neutral  fluid.    The  course  of  the 

repulsions  of  electric  currents,   as  the  fluids  during  this  circulation  is  re^jre- 

pnmary  or  fundamental  fact,  to  which,  sented  in  ^.  154  ;  V  and  R  denoting 

by  the  help  of  a  pnrticular  hypothesis  respectively  the  paths   of  the  vitivous 

as  to  the  constitution  of  macnets,  all  and  resinous  electricitiea^manaling  from 

the  other  facts,  not  only  of  electro-ma^-  the  point  S   in  the  particle  of  iron  P, 

netiim.    hut  of  magnetism  also,    are  and  flowing  in  the  directions  indicated 
reducible.  pig,  154. 

(264.)  Mis  supposition  ia,  that  all 
bodies  that  possess  magnetio  properties, 
the  globe  of  the  earth  being  included 
among  the  number,  derive  those  proper- 
ties from  currents  of  electricity  continu- 
ally circulating  among  the  parts  of  wliich 
they  are  composed,  and  having,  with  re- 

lation  lo  the  axes  of  these  bodies,  one  by  the  arrows,  till  the^  meet  and  coa- 

uniformdireciionof  revolution,  in  planea  lesce  on  the  opposite  side.    But  as  the 

perpendicular  to  those  axes.  effects  of  the  one  fluid  are  exactly  the 

(afiS.lThestnkingresemblangewhieh  reverse  of  those  of  the  other,  the  result 

exists  between  the  action  of  ma^'nels,  is  equivalent  lo  the  continued  etrcula- 

and   that  of  eieotro-dvnamio  cylinder^  ti on  of  one  of  (he  fluids,  thevilreons. 

already  described,  and  which   extends  for  example,  in  one  constant  direclkm, 

through  a  wide  range  of  phenomena,  EV  PK- 

very  naturally  sugi^sied  the  hypothesis  (3G7.)  A  magnet,  then,  is  to  be  con- 
on  which  this  theory  is  founded;  for  sidered  as  composed  of  an  assemblaije  of 
since  the  circular  currents  in  the  latter  parallel  filaments,  each  of  which  is  con- 
are  observed  to  produce  effects  similar  stituted  by  a  series  of  particles,  round 
to  maenetic  polarity,  it  is  but  an  exten-  whioh  electric  currents  are  circulatini;  in 
sion  of  the  analogy  to  oonsider  a  magnet  the  manner  just  descritied,  all  of  ihem 
as  deriving  its  properties  from  similar  flowing  in  the  same  direction  with  re- 
currenls  continually  circulating  in  its  ference  to  the  axis  of  the  filament,  and 
substanoe.  movingin  planes  perpendicular  lo  that 
(266,)  In  Ihe  account  we  have  given  axis.  That  extremity  of  the  filament  in 
of  mngnetism  it  will  be  seen  that  the  which,  when  uppermost,  the  cumnt  of 
phenomena  atteniling  the  fracture  of  a  posilire  electricity  is  moving  in  a  (Ur«c- 
magnet  obli};e  us  ,to  consider  magnet-  tion  similar  to  that  of  the  hands  tA  a 
iied  iron  as  an  aggregate  of  small  par-  watch  (the  dial  of  which  is  also  upper- 
tides  of  iron,  each  of  which  has  the  pro-  most),  has  the  properties  of  a  south 
periies  of  a  separate  magnet  (sobMaq-  magnetic  pole,  and  vict  vertS.  If  the 
KBTisif,  J  141).  In  hke  manner,  the  filament  be  placed  horiiontally,  ita  norlh 
Jiypothesis  just  stated,  relative  to  Ihe  pole  pointing  to  the  north,  then  Ihe  cur- 
circulation  of  electric  currents  in  the  rents  on  the  western  side  are  ascen^g, 
EubslAHCe  of  a  magnet,  must  receive  a  pass  fi'om  west  to  east  in  the  upper  sur- 
similar  modification  to  that  given  to  the  face,  descend  on  the  eastern  side,  aod 
theory  of  magnetiam.    Sinoe  th^  ftKg-  return  from  «ut  to  ffcst  in  the  lower 
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ptri    Thii  ii  ihovn  in  jfgp.  155,  irttjch    ititute  an  exact  (wpiI«riwBh(t«««iUw 
represents  one  of  these  elementary  mag-    action  of  a  magnet,  luul  that  of  an  ulifl- 

"'"  """  ---'  "■  '  '  cial  assemblage  of  electric  currents  aimi- 
]ax  to  that  which  if  supposed  by  tha 
theory  to  exist  in  the  masnet,  our  imt> 
tation  must  be  made  by  coUectinr  U^t- 
ther  a  great  number  of  similar  neliMs. 
in  parallel  directions,  and  uniting  them 
in  one  mftss.  Such  an  arrsngeucDt  is 
called  bv  AmpSra  an  EltctTO-dynamU 


netic  filaments,  the  eastern  side  being 
presented  to  the  spectator. 


^MJcAJiim- 


(268.)  These  currents  which  exist  in 
each  particle  of  a  magnet,  may  there- 
fore l>e  considered  as  const itutinr  closed  (271.]  The  tendencies  which  a  magnet 
circuits  (see  }  232),  (he  effects  of  which  and  conducting  wire  hav«  to  place  tlMm- 
on  all  bodies  exterior  to  the  circuit  will  selvfs  in  positions  at  right  angles  to 
depend  on  the  difference  between  the  ac-  one  another,  was  deduced  Irom  the  eleo- 
tionaof  Ihenearest  andthemostremote  tro-magnetic  theory  as  a  consequence 
parts  of  the  circle  descrilied  by  the  cur-  of  the  supposed  transverse  situation  of 
rent.  The  united  effects  of  a  great  num-  magnetic  fluids  resulting  from  the  eleo- 
ber  of  theseciroulsrcurrenls  will  almost  trie  conflict — that  ic,  accompanying  the 
entirely  depend  on  those  parts  of  the  movements  of  the  electric  fluids.  In 
current  winch  occupy  the  exterior  *ur-  Ampere's  theory  the  transrerse  direo- 
face  of  the  mass.  tion  of  the  action  is  ascribed  to  the 

(269.)  Thus,  supposing  the  magnet  transverse  movements  of  the  electric 

to  be  cylindrical  in  its   shape,  and   its  currents  in  the  magnet  itself,  which  act 

section  shomn  in  fig.  156,  to  consist  of  upon  the  current  io  the  conductor,  and 

the  sections  ofeacb  of  its  component  flla-  are  also  acted  upon  by  that  current,  and 

roents  u,  6,  c,  d.  Sec.,  and  round  each  of  t^nd  constantly  to  establish  a  parallelism 


Fig.  156. 


between  them.  Thus,  since  tlie  current* 
in  the  magnet  NS,  ^.  157,  move  in 
planes  perpendicular  to  the  axis  of  tha 
magnet,  their  action,  being  In  those 
planes,  is  transverse  to  tha  axis,  and 
tends  to  bring  a  straight  conducting- 
Fig.  157. 


which  electric  currents  ere  circulatii^  in 
the  directions  indicated  by  the  arrows,  it 
is  evident  that  the  currents  of  all  the 
interior  parts  will  nearly,  if  not  exactly, 
compensate  one  another,  and  that  their 
action  will  be  neutinlixed.  But  the  cur- 
rents that  paw  near  the  circumference 
are  differently  circumstanced,  inasmuch 
as  they  are  not  compensated  by  any 
others ;  and  thev  action  is,  therefore, 
fully  exerted  on  the  bodies  that  are  near 
*  Ihem,  and  is  equivalent  to  that  of  a 
sinsle  circular  current  flowing  uniformly 
round  the  rircumference.  p,  p,  p,  at  a 
circumscribing  circle,  in  the  same  direc- 
tion. Hence,  in  estimating  the  effects 
of  the  whole  assemblage,  we  may  con- 
fine our  attention  to  that  of  a  auperficial 
current. 
(370.)  It  ii  (^ioiu  tbat  in  order  toii^ 


wire,  PQ,  info  the  transverse  jwution 
represented  in  the  figure,  in  which  the 
direction  of  the  current  of  the  conduc- 
tor is  parallel  to  that  of  the  current  in 
the  nearest  part  ofihe  magnet.  On  the 
□Iher  hand,  if  the  wire  be  fixed,  and  the 
magnet  moveable,  the  forces  will  tend 
to  bring  the  plane  of  that  current,  vrhidi 
occupies  the  middle  of  the  magnet,  into 
such  a  position  as  may  include  Ibe 
straight  conductor ;  and  a\  the  axis  of 
the  magnet  is  perpendicular  to  that 
plane,  so  also  must  it  be  at  right  angles 
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to  the  win  wUch  adx  npon  it  When 
the  muf^et  ud  wire  have  attuned  this 
relatiTe  poiiliot),  it  b  evident  that,  lince 
the  adjacent  ciurenls  move  in  the  same 
direction  in  both,  an  attraction  nill  take 

Elace  between  them.  All  this,  ai  we 
ave  leen,  is  in  perfect  acoordance  with 
the  observed  phenomena. 

(272.)  It  IX  unnecessary  to  pursne 
the  application  of  this  theory  to  the 
endless  variety  of  cases  of  the  mutual 
fictions  of  magnets  and  conducting 
bodies,  because,  having  already  fully 
^ne  into  the  details  of  the  explanation 
which  is  aflbrded  o(  these  facta  by  the 
principle  of  a  tangential  force  ema- 
nating from  both  these  asents,  it  will 
necessarily  follow  that  tney  are  all 
etjually  ei[dicable  on  the  electro-dyna- 
mic theory,  it  it  be  once  proved  that 
the  basis  of  the  former  theory,  namely 
the  tuigential  force,  is  itself  a  direct 
consequence  of  the  latter.  Now  this 
Iiw  already  been  established  experi- 
mentally  by  the  phenomena  exhibited 
by  the  helices  and  electro-dynamic  cy- 
linders deicribed  in  a  former  Chapter, 
6  107,  and  the  same  has  also  been  de- 
duced fiom  theory,  according  to  what 
was  stated  in  §  249.  It  has  been  shown 
that  the  same  tangential  force  residts 
ftam  the  heliacal  dispcsition  of  the  cur- 
rent, whatever  he  the  position  of  th« 
axil  of  the  helix  relatively  to  the  con- 
ductor on  which  it  acts.  We  are  war- 
ranted, therefore,  in  transferring  this 
condusion  to  the  action  ot  the  circular 
currents  assumed  as  existing  in  mag- 
nets, and  as  being  the  sole  source  of 
their  activity. 

(273.)  Guided  by  these  principles, 
Ve  find  no  difficulty  in  explaining  the 
phenomena  of  revolving  motions  so 
frequently  resulting  from  the  mutiul 
ftctions  of  magnets  and  conducting 
wires;  and  which  take  place  in  exactly 
the  same  manner  when  helices  or  elec- 
tro-dynamic cylinders  are  substituted 
for  the  magnets.  It  is  instructive,  how- 
ever, to  examine  the  particulsr  cases 
we  have  already  given  in  exempUfication 
of  the  rotatory  tendency  arising  from  a 
tangential  force,  by  applying  to  them 
the  more  general  principles  of  electro- 
dynamic  action.  In  many  instances  it 
mil  be  found  that  the  rotatory  motions, 
although  in  part  produced  by  the  action 
of  the  currents  in  the  magnet  upon  thq 
euirent  in  the  straight  wire,  are  also  in 
K  still  greater  extent  dependant  on  the 
influenee  of  those  portions  of  the  cur- 
not  that   traverse   the  mercui;  intct 


r  the  ma^ 


which  the  conducting  w 
nets  are  immersed. 

(274.)  This  is  exemplified  in  the  fol- 
lowing airangeraent  rejjresented  in  jSg- 
15S,  where  the  oent  wire,  proceeding 


Pig.  158. 


from  the  positive  cup  P.tenninates  in  a 
steel  point  that  is  made  to  dip  into  the 
surface  of  a  quantity  of  mercury  con- 
tained in  the  vessel  A  B,  in  the  centr? 
of  which  a  magnet,  M,  ii  kept  floating 
in  a.  perpendicular  position  by  tieine: 
loaded  with  a  weight  of  ptalina  at  the 
lower  end.  A  ring  of  copper  Ls  placed 
on  the  surface  of  the  mercury,  from  the 
side  of  which  proceeds  a  wire,  which 
terminates  in  the  cup  N.  Jhe  dectric 
current,  in  passing  from  the  steel  point 
to  the  ring  of  copper,  traverses  the  mer- 
cury, radiating  from  that  point  as  from 
a  centre,  and  consequently  giving  a 
revolving  tendency  to  the  currents  in 
the  magnet  below  them.  The  magoeL 
under  these  ci  ream  stances,  revoWes  oa 
its  axis.  A  similar  effect,  but  in  a  con- 
trary direction,  takes  place  when  the 
course  of  the  electric  stream  is  reversed, 
and  is  made  to  traverse  the  mercury 
from  the  copper  ring  towards  the  steel 

Joint,  producing  convei^ng  inalea,d  of 
iverging  currents.  The  explanation  of 
these  phenomena  is  obvious,  froin  what 
has  been  said  in  $  203.  204.  For  let  M 
in/^.  lS9,beone  of  !he  currents  at  the 
Fig.  159. 


tipper  end  of  the  magnet,  and  C  D  one 
of  the  diverging  currents ;  the  actioD  of 
the  portion  £  D  will  be  to  produce  a 
nrolving  motion  of  Uwiaagnet  ia  ths 
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direction  m  B  M,  becauM  the  current  to  obtain  the  revolutioii  of  ft  magtMit 

in  fflis  attracted,  and  that  inM  repelled  round  its  own  axis,  either  by  the  action 

by  the  current  in  E  D.  of  other  magnets,  or   b;  that  of   an 

(a75.)  If  the  point  P  were  inserted,  electric  current,  which  traverges  neither 
not,  as  before,  in  the  centre  of  the  fluid  the  magnet,  nor  a  hod;  that  is  so  fixed 
pbove  the  magnet,  but  to  one  side  of  it,  to  it  as  to  move  alon^  with  it.  This  is 
the  action  of  Ihe  currents  would  be  a  direct  consequence  of  the  law  derived 
more  complicated,  some  being  attrac-  from  the  electro-dynamic  theory,  that 
tive  and  others  repulsive,  according  to  the  mutual  action  of  two  closed  circuits 
their  situations  relative  to  the  ma^et.  cannot  produce  in  one  of  these  circuits 
The  resultant  force  will  be  one  at  right  a  continued  rotatory  motion  in  one  con- 
atiHes  to  the  line  joining  the  centre  of  stant  direction ;  for  it  is  evident  that  if 
rn^iation  with  the  axis  of  the  masTiet,  this  be  true  with  regard  to  two  single 
and  tlie  etFect  of  this  force  will  oe  a  currents,  it  must  also  be  true  with  re- 
motion  of  translation  of  Ihewbole  mag-  gard  to  any  assemblages  of  such  closed 
net ;  that  is.  of  revolution  round  a  line  cup-ents.  in  whatever  way  they  may  b« 
parallel  to  its  axis,  and  exterior  to  its  airanged.  The  utmost  that  can  result 
surface.  is  a  tendency  in  one  of  them,  if  move- 

(276.)  The  presence    of   transverse  able,  to  assume  a  fixed  position  of  equi- 

currents  in  evet^  part  of  Ihe  surfaces  of  librium ;  if,  therefore,  the  system  be  ta 

well  illustrated  by  their  con-  constituted   that   it    can  only  revolva 


joined  influence,  when  a  number  of 
magnets  are  placed  horisontally,  as  in 
Jig.  IGO,  like  thespoiiesof  awheel,  with 
their  similar  poles  turned  towards  the 
Fig.  160. 


centre  C  In  this  situation  all  the  cur 
rents  on  the  upper  sides  of  the  magnets 
are  passing  m  the  same  direction  with 
reference  to  the  circumference  otcircles 
described  from  the  centre  C.  They  will 
therefore  produce  continued  rotation  in 
n  vertical  conductor,  whose  axis  passes 
Ihrough  that  centre,  but  is  terminated— 
that  18,  does  not  extend  beyond  that 
side  of  the  plane  in  which  the  magnets 
are  situated. 

(277.)  The  theory  of  Ampire  would 
leail  to  the  conclusion  that  no  mecha- 
nical  arrangement  of  Ihe  parti  of  an 
electro -magnetic  apparatus  can  give 
rise  to  rotatory  movements,  unless  fli 


■ound  an  axis,  about  which  the  circuita 
composing  it  are  lymmetrically  ar- 
rangied,  it  will  acqiure  no  motion  what- 
ever t^  the  action  either  of  a  single 
closed  circuit,  or  of  an  assemblage  of 
■uch  circuits.  A  magnet  susceptible  of 
no  other  motion  than  rotation  round  iti 
axis  is  in  this  condition ;  and  hence,  if  it 
derive  its  magnetic  properties  from  elec- 
trical currents,  it  must  be  impossible  to 
produce  in  it  such  a  rotatioii  tpy  the 
action  of  other  magnets. 

(279.)  On  the  other  hand,  a  detached 
portion  of  a  voltaic  circuit  moveable  on 
an  axis  that  coincides  wit  h  that  of  a  mag- 
net may  be  set  in  motion,  and  made  to 
revolve  by  the  action  of  the  doMfi  cur- 
rents, in  the  magnet  itself.  Thus  let 
V  V,  Jig.  IGl.  represent  a  section  o(  a 
Toltuc  pile,  with  its  positive  and  negir* 
J^.  161. 


tive  wires,  Vf,  te,  proceeding  from  its 


conductors  form  some  part  of  the  voltaic  iwo  poles,  and  inserted  into  the  cups  P 

cireuil ;  and  accordingly  no  attempt  to  and  N  respectively ;  the  former  being 

obtain  practically  such  movements  ha*  placed  at  the  top  of  an  arch  of  wire,  of 

ever  been  loccessfnl.  which  the  two  branches  descend  on  each 

(278.)  It  ill  Mcoidiiigly,  impoiAle  aide,  and  terminate  under  the  iurfKe  of 
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fe  quantity  ot  mercuiy,  contkined  in  the  terbalKicedtheequilandoppoBtei«*M 
vessel,  afso  seen  in  section;  and  the  of  the  Rm^ader  of  the  circuit,  that 
latter  bein^  at  the  end  of  a  wire  pro-  eq^uilibrium  can  no  longer  lubsi^  vbeit 
reeding  from  the  lower  part  of  the  this  portion  is  remoTed,  and  the  mnutt- 
vessel,  and  in  contact  with  the  mercury ;  der  of  the  current  tiEComing  efitetire, 
while  Bi  ma^et  is  made  to  float  in  an  will  produce  a  rotation  of  the  nK^netim 
Upright  position  in  the  axis  of  the  vessel,  its  own  axis.  The  direction  of  Ihis  rota- 
by  a  weight  of  pktina  fixed  to  its  lower  tion  will  be  the  same  as-  that  of  the 
end.  ITie  magnet,  it  will  be  seen,  being  descending  wires;  hence  the  maenet 
linconnected  with  the  wires,  forms  no  mav  be  connected  witb  these  vrire^ 
part  of  the  voltaic  circuit,  and  remains  wilhout  altering  the  nature  of  the  action, 
unmoved  by  it;  yet  it  excites  move-  as  in  the  experiment  of  Mr.  Findij, 
ments  in  the  conductors  which  surround  described  in  (  76. 
its  upper  portion.  For  since,  in  the  (231.)  It  follows,  also,  from  the  prin- 
parts  C  and  D,  the  currents  of  the  wires  raples  of  Ampere's  theory,  that  "hen 
are  approaching  those  of  the  magnet,  the  moveable  portion  of  the  circuit 
they  wiU  be  impelled  (see  $  2U0)  to  turn  which  is  attached  to  the  magnet  hu 
rounJ  it  in  a  mreclion  opposite  to  that  both  its  extremities  in  the  a»s,  no  mu- 
of  the  currents  in  the  magnet ;  a  reac-  lion  of  this  kind  will  take  place ;  because 
tion  is  at  the  same  time  exerted  by  the  no  action  can  result  between  a  system 
currents  of  the  wires  upon  those  of  the  of  closed  currents  and  another  currant 
magnets,  which  therefore  tend  to  move  terminating  .at  both  extremities  m  the 
the  roagnet  progreuively,  or  in  tlie  axis  of  the  system. 
fame  direction  as  its  own  currents.  (282.)  The  theory  of  Ampire  implies 
($  203.)  But  the  currents  which  pass  a  perfect  identity  in  the  mode  of  actios 
fromlheloM'er  endsof  the  wires  through  of  a  magnet  bm  of  an  eleclro-dynsQiic 
the  mercury  to  the  exterior  of  the  ves'  cylinder.  A  remarkable  di^rence, 
sel,  recede  from  the  magnet,  and  tend  however,  ha»  been  observed  between 
to  impress  on  the  mercury  a  motion  of  them.  In  the  electro -dynamic  cylinder 
revolution  in  the  direction  of  the  mag-  the  poles  are  situated  at  the  very  eitre- 
netic  currents;  and,  consequently,  by  mities  of  the  cylinder;  whereas,  m  onii- 
the  reaction  of  this  force  the  magnet  narv  magnets,  they  are  always  found 
receives  a  tendency  to  revolve  in  the  op-  lo  be  nearer  to  the  centre  than  the 
posite  direction.  The  two  forces  result-  ends  ;  the  distance  varying  in  diSbent 
ing  from  these  contrary  tendencies  of  magnets.  This  circumstance  was  loiu: 
the  descending  and  the  receding  cur-  considered  as  invalidating  the  truth  of 
rents,  oppose  and  partly  destroy  each  the  theory  •.  It  may,  however,  lie  «- 
other,  as  far  as  regards  their  effect  on  plainedconsistently  with  the  hypothesis, 
themagnet;and  whentherotatoryeSecta  in  two  ways;  either  by  supposing ttiit 
of  the  whole  of  the  remaining  part  of  the  intensities  of  the  currents  graduaUy 
the  current  composing  the  wliole  cir-  diminish  from  the  middle  to  the  «;tre- 
cuit,  and  including  that  of  the  pile  ilsetf,  milies ;  or  else  by  assuming  that  (hef 
ftnd  its  two  wires,  W  and  id,  are  taken  acquire  a  det^ree  of  obliquity  when  at 
into  account,  the  compensation  becomes  a  distance  from  the  centre  of  the  magnet ; 
complete,  and  the  total  effect  reduced  (o  that  is,  that  they  move  in  planes  which 
nothing.  Hence  we  see  that,  although  are  not  exactly  perpendicular  to  the 
the  wires  are  made  to  revolve  in  one  axis  of  the  magnet,  but  diff»'entb  in- 
direction and_  the  mercury  in  another,  ciined  in  different  parts.  These  effect! 
the  magnet  itself,  being  acted  upon  by  are,  indeed,  not  only  quite  consistent 
equal  and  contrary  rotatory  forces,  and  with  Ampire's  hypothesis,  buf  follow  is 
unallached  to  any  part  of  the  circuit,  the  natural  consequences  of  the  esta- 
remains  perfectly  unmoved.  _  bliahed  laws  of  electro- dynamic  action  t. 
(280.)  But  the  case  is  altered  if  the  These  positions  of  the  diffierent  cur- 
magnet  be  so  connected  with  the  appa-  rents,  according  to  their  positions  rel»- 
ratui  of  the  wires  as  to  form  a  part  of  tive  to  the  axis,  will  t>e  best  understood 
the  circuit,  even  for  a  portion  only  of  from/g-.  IG2.  which  represents  a  longi- 
the  current ;  for  that  portion  of  the  tudinal  section  of  a.  magnet  by  a  pjane 
current  which  thus  passes  through  the  passing  through  the  axis  ;  the  directions 
magnet  no  longer  exerts  upon  it  any  of  the  currents  being  marked  hy  short 
rotatorj;  tendency,  and  may,  therefore,  ■ — — 7-* " 

Ibe  BcUon  o(  tJiM pflrtioD  exacHy  coua-  -   i  tafin,Sta„\ie.et.afuiltt. 
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mow*.     The  elemcntmr  currents  of    the  particles  of  the  roapietiied  body,  or 

those  particles  of  the  magnet  which  are  in  the  msgnetic  elements,  bs  they  have 
sitoaled  in  Ihe  axis,  that  is,  along  Ihe  Ijeen  cailed,  (see  MagnetiHin,  §  1S4), 
line  X  Y,  will,  of  course,  on  account  of  there  are  (wo  suppositions,  either  of 
the  symmetry  of  the  figure,  move  in  which  will  account  for  this  phenomenon. 
panes  perpendicular  to  the  axis;  as  The  first  is,  that  electric  currents,  which 
also  those  in  the  medial  plane  M  nt,  did  not  before  exist,  are  produced,  of 
Pfg,  188.  called  into  action,  by  Ihe  influence  or 

anolher  current  in  the  vicinity.  The 
second  hypothesis  is,  that  the  electric 
currents  pre-exist  in  all  the  particles  of 
iron,  or  other  bodies  susceptible  of  mag- 
netism previous  to  their  acquiring  this 
property,  but  without  having  any  uni- 
ferra  direction ;  under  these  circum- 
stances, their  actions  upon  any  external 
passinK  through  the  centre  of  the  mag-  ^°'^y  counteract  and  bHlan^e  one  an- 
net.  But  with  regard  to  the  currents  o'her,  so  as  to  constitute  the  neutral 
nearer  to  the  surface,  they  will,  by  the  state.  When,  on  the  other  hand,  they 
action  of  the  interior  cun'ents,  be  turned  ^fc  under  the  influence  of  an  external 
towards  the  middle  of  the  magnet,  electric  current  of  sufficient  power,  they 
wliile  those  parts  of  the  same  currents  OfB  all  tunied  by  it  towards  the  saine 
tliat  are  nearest  to  the  axis  will  !«  (]uarter,  and  assume  a  common  direc- 
repell«d  from  the  middle  towards  the  'i"" :  'hey  will  now  co-operate  in  their 
adjacent  extremity  j  and  the  planes  of  action  upon  external  bodies,  and  exhi- 
t  heir  inclination  will  therefore  be  more  hit  magnetic  properties.  Thischangeis 
or  less  inclined  to  the  axis,  as  they  are  analogous  to  what  takes  place  in  the 
more  or  less  remote  either  from  the  "ty*  "f  ordinary  light  when,  from  being 
axis,  and  from  the  middle  of  the  magnet,  POlariled  in  all  possible  directiona,  they 
in  the  manner  represented  by  the  ar-  oecome  suddenly  polarized  in  one  parti- 
ruws  in  the  figure.      The  total  amount     cular  direction. 

ofindinalion  in  ttie  lateral  currents  will         (284.)   It   is   implied   in   the  first  of 
be  Kreater  in  proportion  to  the  inlensily    'hese  hypotheses,  that  every  electric  ti"- 

of  the  action  ot  the  interior  currents,     rent  temU  to  produce  ci ■-  ' '- 

end  also  in  proportion  to  their  number ;    '"'  -"■--'■— "-  -  ' 

it  will,  therefoie,  be  greater  in  propor- 
tion as  the  thiokncsN  of  the  magnet  is  experiment,  that  a  powerful  voiiaiu  mir- 
greater  compared  with  its  length.  We  rent  possesses  this  power  of  exciting 
may  conceive  this  relative  thickneM  to  currents  in  neighboufing  bodies  that  are 
}«  so  excessive  as  that  the  f.^rees  tend-  not  generally  considered  as  auscepiibic 
ing  to  produce  this  indination  of  the  of  magnetism.  A  copper  wire  of  conji- 
currtnla  will  at  length  overcome  the  derable  lenglh,  covered  with  siik  thread, 
coei«ivc  force,  and  prevent  the  deve-  was  rolled  round  a  cj^linder,  so  as  to 
lopment  of  mapietism.  This  consider-  form  a  coil  of  some  thickneis.  Within 
Htion  will  easily  explain  the  difficulty  this  coil,  placed  in  a  vertical  position,  a 
that  is  experienced  in  magnetizing  abar  copper  ring  of  smaller  diameter  was  sus- 
in  such  a  manner  asi  that  the  poles  may  pended  by  a  tine  silk  thread,  passing 
be  in  the  direction  of  the  shorter  dia-  through  a  small  glass  tube,  which  wan 
iiie'er  *  i  a  remark  which  leads  us  to  the  thrust  between  the  threads  of  the  cop- 
subject  of  the  induction  of  magnetism,  per  coil.  The  circumference  of  Ihe  ring 
Lei  us  examine  with  what  success  the  was  thus  brought,  in  every  part,  very 
hyjiolhesis  of  Ampere  may  be  applied  near  to  the  conducting  coil,  through 
tofhisolaw  of  phenomena.  which  a  very  powerful  voltaio  current 

(283.)  We  have  already  seen  that  an  was  «ent  When  a  magnet  was  pre. 
electric  current  communicates  mi^netic  sented  to  the  ring,  under  these  circum- 
properties  by  induction  to  such  bodies  stances,  the  latter  was  attracted  or  re- 
in the  vicinity  as  are  susceptible  of  pelled  in  the  same  manner  as  if  it  had 
acijuiring  them.  If  these  properties  are  formed  part  of  the  same  circuit  aa  Ihe 
owmg  lo  dectric  currents  circulating  in    coil.    Hence  it  was  infened,  that  an 

electric  current  tendi  to  induce  in  con- 

wli^  -a-i:]ft>il^^m  ^ISJ'^Si    <l°ctor%  placed  in  its  immediate  vieioitr. 
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This  tendency,  indeed,  is  but  feeble;  either  pole  of  a  aBgnet  tends  to  indoe^ 
and  the  iirtt  endeavours  or  Ampbie  to  the  opposite  polarity  in  the  adjacent  tnd 
discover  it  failed,  in  consequence  of  bis  of  a  magnctuable  tjody  in  ils  vicinity,  a 
employing  inadequate  means ;  but,  on  the  direct  and  necessary  consequence  ai 
repeatuig  the  experiment  with  more  the  hypothesis,  ^at  this  is  the  cue 
powerful  batteries  and  ma^ets,  he  per-  will  readily  appear  from  considering  thai 
feutly  succeeded  in  rendering  the  actioi  when  the  elementary  magnetic  filament 
sensible.-  A  B./!^.  163,  isbrou^t  near  toaslnii- 
lt  were  much  to  be  desired  that  this  larelementaiy  filament,  CD,  in  a  neutril 
important  experiment,  upon  the  accu'  ev^  ,.« 
racy  of  which  so  much  is  made  to  ^' 
depend  in  accounting  for  magnetic  '  n  <■ 
induction  in  Ampere's  theory,  were 
carefully  repeated,  ani]  with  eveiy  pos- 
sible variation  in  it)  circumstances,  bo 
as  to  determine  whether  the  effect  which  state,  the  currents  which  circulate  inll« 
he  observed  is  uniformly  sustained,  is  former  wili  excite  in  the  latter  a  circu- 
invariably  connected  with  its  supposed  lation  of  currents  in  the  same  dttecfion, 
cause,  and  is  always  proportionea  toit;  thereby  renderingit magnetic.  ButslnM. 
or  whether  it  be  not  dependent  upon  according  to  thetheorvCJ  267),  IbeTiinJ 
some  particular  conditions  in  the  current  of  polarity  manifested  at  eilher  end  ol 
wilh  relation  to  its  tension,  velocity,  or  a  magnet  depends  altt^ether  upon  Ihe 
Intensity,  or  upon  some  temporary  va-  direction  of  the  currents  with  respect  lo 
I'iation  taking  place  in  these  conditions,  the  axis  at  the  extremity,  it  is  evident 
In  the  particular  form  in  which  the  ex-  that  if  the  current  at  the  end  B  revolvei, 
perimenthasbeentried.itseemsscorcely  as  seen  by  a  spectator  looking  at  ttiii 
to  warrant  the  very  general  conclusion  end,  in  the  direction  of  the  hands  of  t 
which  Ampfcre  has  deduced  from  it.  watch  on  the  dial,  constifulinK  lb« 
(■285.)  Even  if  we  admit  it  to  be  eata-  southern  polarity,  the  current  induced 
Wished  as  a  general  fact,  that  electric  at  the  end  of  the  other  piece,  C,  Kioly 
currents,  circiSating  in  one  body,  are  ing  in  the  same  direction  insi»c«,itill 
attended  by  similarly  directed  currents  appear  to  a  spectator  looking  si  11>3t 
in  neighbouring  conductors,  wc  are  end  to  move  in  the  contrary  direcliiM; 
!itill  not  in  acondition  to  decide  Ihe  ques-  it  will  therefore  have  a  northern  pal«nt]'> 
tion,  whether,  in  imparting  magnetism  that  is,  one  contrary  lo  that  of  Ihe  li- 
to  metals,  there  is  an  actual  production  jacenl  end  B,  but  similar  to  that  of  liK 
of  electric  currents,  or  simply  a  change  remote  end  A.  In  like  maimei'  ^ 
effected  in  the  directions  of  currents  polarity  of  D,  if  the  induclive  infiutnw 
previously  existing  in  their  particles,  extend  to  that  distance,  wiilbethesanK 
There  is,  however,  no  inconsistency  in  as  that  of  B ;  for  the  circumstanwi  it- 
the  supposition  tlmt  the  effect  maybe  tending  the  revolution  of  its  current  (K 
due  to  both  these  causes ;  for  the  action  precisely  the  same  in  both, 
of  an  electric  current  may  consist  in  (287.)  When,  on  the  other  hand,  11* 
giving  a  common  direction  to  pre-exist-  neutral  bar  is  placed  near  and  panllet 
ing  currents,  white  it,  at  the  same  time,  to  the  inducing  magnet,  the  action  of 
augments  their  intensity.  the  currents  on  the  adjacent  side  of  tia 
(aB6.)  It  is  unnecessary  to  enter  into  latter  will  prevail  over  that  of  the  cur- 
long  details  as  to  Ihe  modes  in  which,  rents  on  the  remote  side,  on  account  of 
according  lo  the  theory  we  are  consider-  their  greater  proximity  to  the  bw,  »n<i 
ing.  an  electric  current,  passing  through  induce  in  its  adjacent  side  currenls 
conductors  of  different  forms,  whether  running  in  the  same  direction ;  but  these 
straight,  or  bent  into  spirals,  or  helices,  two  sets  of  currents,  being  situated  in 
or  a  magnet,  in  which  currents  are  sup-  different  sides  of  their  respective  axei, 

Cised  to  drculate,  induce  magnetic  po-  will  constitute  magnetic  currents  ineon- 

rily  in  the  adjacent  parts  of  pieces  of  Irary  directions,  and,  therefore,  of  oppt>- 

iron  or  steel  brought  within  the  sphere  site  properties.    Hence  the  poles  of  >^' 

of  their  influence,  when  we  regard  that  induced  magnet  are  reversed  wiih  re- 

polarity  as  consisting  in  the  establish-  lation  to  those  of  the  inducing  mi^et- 

ment  of  circular  currents  of  the  same  This  will  readily  appear  fi'om  an  insjwc- 

description    as  those  of  the  inducing  tion  otjig.  164.    The  same  oppo^'li"" 

magnet.    It  will  t>e  sufficient  to  show  of  direction  takes  pluce  when  two  psral- 

that the fundaoiental  fact,  namely, that  lelroUers tumup^oaeAiother,iocD°' 
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(SSS.)  After  Ihe  removal  of  the  cur- 
rent vrhich  originally  determined  them, 
these  induced  cuirenU  continue  to  ciiv 
culale  with  more  or  less  permanence, 
according  to  the  degree  of  coercive  force 
inherent  in  the  body.  In  soft  iron  Ihey 
(ti^appear  almost  immediately:  in  steel 
Ihey  continue  to  maintain  themselves, 
and  constitute  permanent  magnets.  The 
action  of  heat  is  either  to  weaken  or 
destroy  Ihe  currents  altogether,  or  else 
to  derange  the  uniformity  of  their  direc- 
tion, so  that  they  cease  to  act  in  con- 
cert, and  the  steel  reverts  to  its  neutral 
state.  It  isfound,  inconformity  withlhe 
theory  of  Ampere,  that  all  the  effects  of 
magnetic  induction  areproduoed  equally 
well  by  electric  currents  circuTating 
Itirough  spiral  or  heliacal  conductors,  aa 
by  arliSdal  magnets. 

(2S9,)  The  theory  of  Amjifere  fur- 
nishes a  key  to  the  explanation  of  a 
variety  of  facts  attending  the  conversion 
uf  steel  bars  into  magnets  by  Itie  ordi- 
nary processes  of  magnetiiation,  which 
are  not  intelligible  on  any  other  hypothe- 
sis. It  accounts  for  the  peculiar  circum- 
stances already  noticed  in  the  Treatise 
on  Magnetism,  regarding  the  relative 
advantages  of  the  single  or  double  touch, 
according  to  the  inclinations  given  to 
the  magnet  when  applied  to  the  bar  to 
be  magnetized ;  and  it  more  especially 
explains  ttie  frequent  occurrence  of  con- 
secutive points  when  certain  method* 
are  employed.  Thus,  let  one  of  Ihe 
poles  of  a  magnet,  the  north,  for  in- 
stance, be  pUced  on  the  middle  of  a 
steel  bar,  at  right  angles  to  it :  see  Jtg, 
lea.    The  form  of  the  steel  bar  will,  as 


^g.  tes. 


transverse  to  its  length ;  and  the  eur- 

rents  in  the  magnet  nuining  in  this  di- 
rection are  those  situated  on  the  oppo- 
site sides  of  the  magnet,  supposed  to  lie 
divided  by  the  doited  line  perpendicular 
tothe  length  of  the  steel  bar.  But  these 
portions  of  currents  are  themsdves 
moving  in  contrary  directions ;  Ihe  cur-, 
rents  they  respectively  induce  in  the 
parts  of  tne  bar  which  they  touoli,  and 
m  the  neighbouring  parts,  roust  there- 
fore, in  hke  manner,  have  opposite  di- 
rections, giving  riiie  to  opposite  polari- 
ties. Thus  Ihe  two  ends  of  the  bar  will 
be  converted  into  north  poles,  while  the 
point  immediately  under  the  centre  of 
the  magnet  will  be  a  consecutive  point. 


division  or  ftucture  of  a  magnet  follow 
very  naturally  from  the  constitution 
assigned  to  it  by  Amplire's  hypothesis ; 
for,  as  the  currents  circulate  in  the 
same  direction  in  the  divided  ends  while 
they  were  united,  they  will  appear  to 
circulate  in  opposite  directions  with 
reference  to  the  two  sides  of  the  plane 
which  divides  them,  and  which  become 
the  terminal  planes  of  each  fragment 
when  separate.  The  polarities  of  the 
two  ends  must,  therefore,  be  of  opposite 
kinds;  for  the  same  reason  that  Ihe 
adjoining  ends,  B  and  C,  ^.  163,  of 
two  ma^ets  placed  in  the  same  line, 
with  their  currents  having  similar  di- 
rections, have  opposite  polarities.  At 
the  poles  of  a  horseshoe  magnet,  the 
currents  revolve  in  opposite  threclions 
with  respect  to  the  two  ends  of  the  bent 
aiis  ;  but  Ihe  du-ections  of  Ihe  adjacent 
part  of  each  current,  as  well  as  of  the 
remote  parts,  are  similar.  See  fig,  1S6. 
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(S91.)  If  a  iteel  bRr,  instead  of  being 
bent  into  the  form  of  a  horseshoe,  be 
fanned  into  a  complete  ring,  j^.  167, 
Fig.  187. 


and  then  mannietiied,  it  exhibits  no 
magnflw  properties  as  long  as  the  ring 
ii  sntire ,  but  when  broken  inlo  any 
number  ot  porlions  eat.h  part  has  two 
poles,  and  possesses  all  tlte  properties 
of  an  ordinary  magnet  This  experi- 
ment su^^ested  the  theoretical  investi- 
gation of  the  properties  of  a  system  of 
small  circular  currents  situated  in  planes 
perpendicular  to  another  circle,  passing 
through  all  their  centres  The  result  of 
the  invesljsation  of  Ihs  problem  led  to 
a  mathematical  theorem  exactly  coU' 
formahle  to  observation  ;  a  ring  so  con- 
sliluted,  or  an  electro-di/tiam>c  ring,  as 
it  hsg  been  called,  being  found,  both 
from  theory  and  experiment,  to  exert  no 
action  upon  a  voliaic  cunductoror  mae- 
net,  at  whatever  distance  from  it,  or  in 
whatever  situation  it  may  he  placed. 

(292.)  In  viewing  the  application  of 
Ampere's  theory  to  the  mutual  action 
oF  two  magnets,  we  mij^ht  content  our- 
selves  with  the  observations  already 
made  as  to  the  mutual  action  of  two 
electro- dynamic  cylinders,  which  may 
betaken  as  Ibelr  repiesentntives  ;  and 
simply  refer  to  the  general  principle 
deduced  from  theoretical  considerations, 
$2SI.  namely,  that  the  resultants  of  all 
the  actions  may  be  reduced  to  forces 
emanating  from  the  poles,  and  inversely 
proportional  to  the  squares  of  the  dis- 
taaces.  Yet  as  a  more  popidar  view  of 
the  actual  operation  of  the  forces  derived 
from  the  attraction  or  repulsion  of  cur- 
rents in  the  simpler  cases  may  be  more 
satisfactory,  we  shall  examine  a  few  of 
these  cases. 

<293.)  It  will  be  evident  that  when 
two  magnets  are  presented  1o  each 
other,  with  their  axes  in  ttie  same  line, 
it  must  depend  upon  the  similarity  or 
contrariety  of  the  directions  of  the  cur- 
rents at  the  adjacent  ends,  whether  these 
ends  wdl-  attract  or  twii  each  other. 
fbe  former,  it  is  well  known,  happens 


when  poles  of  opponte  denomination 
front  each  other ;  the  latter  when  similar 
poles  are  brought  timber.  The  mo- 
tion of  the  currents  in  the  fin)  ease  ma.y 
be  aptly  illustrated  by  two  watches  laiil 
the  one  above  the  other,  so  thai  the  dial 
of  the  one  may  he  in  contact  with  tt>e 
bacic  of  the  other,  for  the  hands  in  bnth 
watches  will  then  be  moving  in  the  same 
direction.  We  may  obtain  a  reprrs«a- 
tation  of  the  second  case,  by  placing 
the  watches  either  face  to  face,  or  tmck 
to  back ;  for  in  either  of  these  situations, 
the  motion  of  the  hands  in  (he  two 
watches  are  in  opposite  directions.  TIte 
electnc  currents  in  the  former  caae  wiQ 
exert  a  mutual  attraction;  and  in  the 
last,  a  mutual  repulsion. 

(294.)  In  estimating  the  attractive  or 
repulsive  forces  whiuh  arise  ia  other 
relative  posibons  of  the  magnets,  we 
must  lake  into  account,  not  merely  the 
terminal  currents,  but  those  which  exist 
along  the  whole  length  of  both  magnets. 
The  general  resultants  of  all  the  forees 
thus  arising  may  be  reduced  to  allrac- 
tive  or  repulsive  forces  tietween  the 
whole  of  each  ol  the  sides  of  one  mag- 
net, and  the  whole  of  each  of  Ihe  sides 
of  the  other  maenet.  Thus,  supposing 
two  ma£;nets  to  be  situated  boritontally 
nearly  in  the  position  to  which  tbey 
would  be  brought  by  the  influence  of 
terrestrial  magnetism,  Ihe  east  side  of 
the  one  will  atti-act  the  east  side  of  Ihe 
other,  and  repel  Ihe  west  side  ;  the  west 
side  will,  in  like  manner,  attract  Ihe 
west  end  repel  the  enst  Hence  the 
general  tendency  of  all  these  actions  b 
to  turn  Ihe  magnets  so  as  to  brin^ 
the  I  wo  eastern  sides,  for  example, 
as  near  together  b#  possible,  and  pa- 
rallel to  each  other;  that  b,  into  a 
relative  position,  such  that  the  north 
pole  of  each  magnet  shall  be  adjoining 
to  the  south  pole  of  the  other;  and  in 
this  situalion  the  greatest  amount  of 
attractive  force  will  be  exerted. 

(29S.)  In  positions  intermediate  to 
these,  and  especially  when  mucti  in- 
clined to  each  other,  the  estimation  of 
the  resultant  force  in  each  individual 
case  is  often  difBcult,  from  Ihe  complex 
operation  of  the  numerous  forces  that 
are  in  action  in  a  variety  of  directions. 
Thus,  if  one  of  the  magnets,  situated 
as  just  described,  parallel  to  eaeli 
other,  and  with  their  dissimilar  poles 
adjacent,  be  moved  in  the  line  of  its 
axis  till  the  two  ends,  having  similar 
poles,  are  brought  into  the  nme  [riatke, 
as  gfaowB  iafig.  168,  a  strong  rtpulaion 
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Wcei  (he  plwe  of  the  >ttracfion  before  pUnes,  and  a  norihem  polarity  on  the 
obierred,  notwithstanding  the  similarity  soulhEni  side.  It  is  scarcely  necessary 
of  Ihe  currents  m  the  two  edgei  at  8  to  point  out  how  exactly  the  phenomeni 
and  *  that  are  nearest  each  other.  The  described  in  Chapter  IX.  (4  laB  to  N7  ) 
reason  la.  that  the  attraction  of  the  ad-  accord  wilh  the  consequences  of  such 
Pig.  168.  an   hypolhesis.    The  magnetic   axis  of 

^^t^z^z^jr^^^sM  *^  earth,  according  to  this  view  of  Ihe 

K^^^I^^^^S-^  subject,  is  merely  an  imaginan  line,  per- 

f^^^SB^^K'-:  pendicular  to  the  planes  of  the  eleclHc 

currents  circulating  in  the  earlh,  and 
pajsing  through  Ihe  centres  of  the  cir- 
cles described  by  those  currents ;  and 
the  directive  power  of  Ihe  globe  which 
jacent  sides  is  now  much  weakened  both  *<^'s  9"  '^'^  ""''  on  magnets  on  its  sur- 
by  Ihe  greater  diitanees  of  Iheir  remoler  '■'^^'  i^  'he  result,  not  of  any  real  infiu- 
portions  at  N  and  n,  and  also  on  ac-  *"'*  proceeding  fron)  those  portions  of 
count  of  the  great  obliquity  of  that  .  ^f^^  earth  to  which  their  poles  point,  but 
action.  The  repulsions, on  Ihecontraiy.  of  the  eleclro -dynamic  action  of  cur- 
exerted  between  Ihe  adjacent  side  of  the  "^"'s  circulating  in  the  plane  of  the 
one  and  ihe  remote  side  of  the  other  magnetic  equa'or,  in  obedience  to  which 
magnet,  become  very  powerful,  both  'he  correspondinjf  currents  which  cir^ 
il-om  Iheir  increased  proximity  and  more  culate  in  Ihe  magnet  place  themselves, 
direct  action;  and  they  predominate  so  as  to  approach  to  parallelism  with  the 
accordingly.  A  similar  account  may  be  former;  that  is,  to  attain  the  position  of 
given  of  the  attraction  which  takes  equilibrium  between  the  forces  in  opera- 
place  between  dissimilar  poles  placed  in  ''""■  ^''i'  position  is  that  of  a  plane 
a  similar  situation.  The  reasoning  in  perpendicular  to  Ihe  line  of  magnetic 
both  instances  being  analogous  to  what  direction,  or  the  line  of  dip :  and  ac- 
was  stated  <£  236)  with  respect  to  the  cordingly,  since  the  currents  in  the  mag- 
action  of  a  heliK  upon  an  elementary  net  are  Ihemselves  perpendicular  to  its 
portion  of  current  placed  in  dLtferent  "^iSt  they  will  lead  to  bring  that  axis  in 
aituations  with  respect  to  the  helix.  that  very  line.     Hence  the  phenomena 

(296.)  In  the  case  of  magnets  that  of  the  dipping-needle,  and  hence  the 
are  not  of  a  priimalic  or  cylindric  position  assumed  by  the  compass-needle, 
shape,  nor  lerminaled  by  plans  surfucei  '"  tbe  plane  of  the  magnetic  meridian, 
perpendicular  to  their  axes,  the  eslima-  a»  being  the  nearest  approach  which  its 
tion  of  the  resultant  force  becomes  much  mode  of  suspension  will  allow  it  to 
more  complicated.  All  that  we  have  malie  to  the  hne  of  dip. 
now  aaid  on  this  subject,  Indeed,  can  (298.)  All  the  elTects  of  terrestiial 
only  alford  approximations  to  Ihe  solu-  magnetism  may  be  imitated  by  dislri- 
tion  nf  Ihe  problem  of  finding  this  re-  butiug  wires  round  the  surface  of  an 
sultani.  The  rigorous  iiivestii;ation  of  artificial  ijlobe,  so  as  lo  direct  a  galvanic 
this  prqb'em  would  involve  mathemali-  current  through  them.  Mr.  Bxrlow,  in 
cat  considerations  of  too  great  an  extent  a  paper  lately  read  at  the  Ito^al  Society, 
for  a  treatise  of  this  kind.  The  reader  describes  the  following  experiment  which 
who  may  wish  to  prosecute  Ihe  Inquiry  he  made  with  this  view.  A  hollow 
is  referred  mure  especially  to  ihe  works  wooden  globe,  sixteen  inches  in  dlame- 
of  Ampbre,  in  which  the  auhject  is  fer,  was  furnished  with  copper  wires 
treated  with  a  masterly  hand.  passing  in  grooves  along  each  parallel 

(297.)  The  magnetic  influence  of  the  of  latitude  for  every  tenth  degree.  When 
earlh  being  so  perfectly  analogous  to  an  electric  current  was  made  to  pass 
that  of  other  magnetic  bodies,  the  theory  through  these  wires,  in  the  same  direc- 
of  Ampere  wilh  respect  to  the  constilu-  tion  in  each,  it  was  found  that  a  mag- 
tion  of  such  txidies  muat,  if  founded  in  nelic  needle,  properly  neutralized  with 
truth,  apply  also  to  terrestrial  msgnet-  regard  to  the  earth's  action,  and  sus- 
iim,  whicli  roust,  according  to  that  pended  in  different  situations  near  the 
theory,  Im  derived  from  electric  currents  surface  of  the  artificial  globe,  arranged 
circulating  in  the  globe  ftom  east  to  Itself  in  positioot  perfectly  analogous 
west  in  planes  parallel  to  Ihe  magnetic  to  those  actually  assumed  by  the  dip- 
equator.  The  united  effect  of  such  ping-needle  in  corresponding  rceions  of 
MiTTtnti  vouki  be  to  prodoce  a  southern  the  earth.  It  ii  probable  tbsl  if  we 
polaritjr  on  the  northern  side  of  these    could  iQde&iuteljrinultipIjtbei^^^c}^)f^|^> 
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currents  on  a  g1i>be  lo  prepared,  the  of  a  common  magnet  and  an  deetio- 

apparalus  might  be  made  to  represent  dynamic  cylinder. 

with  great  accuracy  every  circumstaiioe  (30!.)  We  Ihua  find  that  the  tbeorf 
of  mngnelic  dip  and  direction ;  and  by  of  Ampere  satisftesevery  conditioD  that 
employing,  instead  of  a  magnetic  nee-  is  required  of  a  true  theory,  inasmuch 
die,  an  electro- dynamic  cylinder,  all  as  it  affords  a  complete  e^analion  at 
tlie  pheoomena  of  terrestrial  magnetism  all  the  phenomena,  eien  in  their  mi- 
might  be  exhibited,  without  the  inter-  nutest  details.  It  unites  the  chincter 
vention  of  magnetism,  by  means  of  elec-  of  simplicity  in  principle,  and  coatft*- 
tricity  alone.  hensivenesi  in  its  applications;   and  bj 

(299.)   The  origin  of  these  electrical  suggesting  new  combinations,  it  .has  led 
currents  permeating  the  interior  of  the  to  the  diacovery  of  new  facts.      It  also 
earth,  and  more  especially  its  external  has  an  important  advanta^  over   the 
layer,   may  possibly  be  traced   to  the  theory  of  tangential  forces  m  presenting 
action  of  the  solar  rays  on  successive  greater  facili^  of  mattiemati^  investi- 
parts  of  the  torrid  zone,  which  taking  gation,  and  for  the  comparison  of  the 
place  A^>m  east  to  weit,  may  eicite  cur-  analytical  formule  thence  obtained,  with 
rents  of  positive  electricity  in  that  direc-  the  results  of  experiment ;  and  thereby 
lion,  and  in  planes  corresponding  wjth  afibrding  the  most  severe  test   of   its 
the  magnetic  equator.    The  probabijily  accuracy.     It  the  truth  of  the  theory  be 
of  lucb  an  effect  t>eing  produced,   and  established,  it  will  effect  an  important 
the  inference  ftom  analogy  that  similar  titep   in  the  generaliiation   of  physicai 
currents  may  be  excited,  and  even  exist  phenomena,  by  showing  that  ul  those 
permanently  in  iron  and  steel,  is  greatly  formerly  referred  to  the  operation  of  an 
increased  by  the  recent  discoveries  of  unknown  principle,  considered  aa  dti- 
Professor  Seebeck,  that  electric  currents  tinct  from  electricity  and  denominaled 
may  be  produced  and  maintained  in  cir-  magnetism,  axe,  in  fact,  essentially  elee- 
cuits  formed   exclusively  of   solid  con-  trie,   and  that  the  two    princitdes   are 
doctors,  by  the  partial  application  of  identical,  and  instead  of  being  the  bases 
heat.     This  discovery,  which  leads  to  a  of  two  separate  departments  of  know- 
separate  department  of  this  science,  to  led^e,  are  merely  branches  of  a  single 
which  the  name  of  T/itrmo-Elaclrieilr  and  more  extended  and  compreheniivv 
has  been  given,  will  bt  treated  of  in  the  science, 
next  Chapter.  (302.)     It  must  at  the  saUK  time  be 

(300.)    A  further  confirmation  of  the  acknowledged  that  much  still  remains 

electro- dynamic  theory  of  magnetism  is  to  be  done  towards  removing  tlie  d^- 

derived  from  its  applicability  to  the  cu-  culties  opposed  to  this  as  well  ai  other 

rinus  phenomena  of  magnetic  rotations,  electro-magnetic  theories,  which  are  pre- 

which  have  been  described  in  the  eighth  sented  by  the  singular  and   apparently 

chapter  of  the  Treatise  on  Magnetism  capricious  phenomena  of  the  mduclloR 

($  354  to  360).    Soon  after  the  discovery  of   magnetism    by    electrical    curre'nt* 

of  this   new  class  of  facts,  M,  Arago  transmitted  along  conductors,  and  de< 

suggested  to  M.  Ampere  the  substitution  rived  either  from  the  voltaic  or  the  eom- 

of  dectro- dynamic  cylinders    for   the  mon    electrical  latteries.     We,  allude 

magnetic  bars  in  these  experiments  on  particularly  to  the  results  of  the  expe- 

Ihe  ettects  of  rotation.     The  first  trials  riments   of  Savary,   already  noticed  in 

made  by  these  two  philosophers  in  con-  &  164  to  1B8,  and  which  have  not  yet 

Jilfictiun  did  not  lead  to  any  decisive  re-  been  sufficiently  generaiiied  to  admit  of 

suit,  in  consequence  of  some  defects  in  being  explained  on  any  hypotheaia. 
Ihc  apparatus  they  em{^oyed;  but  when 

these  defects  were  obviated  in  the  sub-  -  .„,.. 

Chaptbr  XIII. 

double  helix,  forming  a  coil  of  about 

two  inches  in  diameter,  was  used,  they  (303.)  rBoixsKoaSaaBEca,  of  Berlin, 

succeeded    perfectly  in  obtuning    the  discovered,  in  the  year  1822.  that  cur- 

snme  results    as  if  magnets  had   been  rents  of  electricity  might  be  produced 

employed*.    Hence  we   may   infer  the  by  the  partial  application  of  beat   to  a 

complete  identity  twtween  all  the  effects  circuit  composed  exclusively  of    solid 

, , conductors.     The  original  experiment 

.  A,.,*™,  lifcrf,  d«  FUHotaM  Smra^,.  "•"'"h  established  this  lact  was  first  an- 

Mmiqui,  p.  lag.  nouoced  m  Ibi*  couatiy,  ut  the  Annala 
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Of  niQotophy*.  A  bar  of  antimony, 
about  eight  iochet  long  and  half  an  inch 
■quare,  nai  taken,  and  id  eztremitiei 
connected  by  twiiting  a  piece  o(  brass 
trire  round  them  lo  aa  to  form  a  loop, 
each  en4  of  the  bar  having  severai  coils 
of  the  nire.  On  heating  one  of  the  ex- 
tremities, foraahort  time,  with  a  iipirit' 
lamp,  eleutro-magnetic  effects  were  pro- 
duced in  every  part  of  a  circuit  ao 
formed. 

(304.)  Thus  it  appears  that  for  con- 
stituting a  circuit  of  this  kind,  two  ele- 
ments only  arc  requisite  ;  which  may 
be  represented  in  the  diagram,  fig.  169, 
by  the  conductors  A  and  B,  connsting 


of  two  different  melaJs,  in  contact  in 
two  points  H  and  C,  lo  that  a  circuit  ia 
formed  in  H  A  C  B. 

(305.)  The  eleclrical  current  thus  ex- 
cited has  been  termed  Thermo-ekclriB, 
in  order  to  distinguish  it  from  the  com~ 
mon  galvanic  eutrati,  which,  as  it  re- 
quires Ihe  inlcrvenlion  of  a  fluid  ele- 
ment as  one  of  its  essential  components, 
was  denominated  a  Hydro-eUelrie  air' 
rent.  The  term  Stereo-tleetric  eurretil 
has  also  been  applied  to  the  former,  in 
order  to  mark  its  l>eing  produced  in 
systems  formed  of  solid  bodies  alone. 
It  is  evident  that  if,  as  is  supposed  in 
the   theory  of  Ampere,    magnets 


minute  parts,  these  currents  wilt  come 
under  the  description  of  stereo- electric 
currents. 

(3Q6.)  The  chief  evidence  we  posaesi 
of  the  exittence  of  thermo-electnc  cur- 
rents consists  in  Ihe  production  of  elec- 
tro-magnetic effects.  A  compass -needle 
placed  either  within  or  without  the  cir- 
cuit, and  at  a  small  distance  hrom  it,  is 
deflected  from  its  natural  position  in  a 
direction  conformable  to  its  lituation 
with  regard  to  Ihe  circuit.  Still  atron^r 
indications  of  electro-magnetic  action 
are  obtained  t>y  placing  two  ends  of  one 


■iv(il.iv.,p,)Ui  , 


of  the  metaUio  arcs  in  contact  with  the 
vrires  of  a  galvanometer.  The  thermo- 
electric current  has  also  been  found  to 
excite  contractions  in  the  muscles  of  a 
frog :  but  as  far  as  experiments  have 
yet  been  tried,  it  is  inadequate  to  effect 
chemical  decompositions,  tne  ignition  of 
metals,  or  to  exhibit  sparks,  or  any 
other  of  the  phenomena  of  ordinary 
electricity. 

(307.)  If  the  metallic  arcs,  through 
which  a  thermo-electric  current  ii  made 
to  past  hy  the  application  of  heal  to  one 
of  the  points  of  eontact  of  the  different 
metals,  be  delicately  suspended,  Ihey  will 
obey  the  action  of  a  magnet  brought 
near  it.  If  the  opposite  poles  of  two 
magnets  be  placed  on  the  outside  of  a 
circuit  moving  in  a  vertical  plane,  and 
turning  on  a  vertical  axis,  the  conduc- 
tors may  be  made  to  revolve  by  continu- 
ing to  apply  the  heat  on  the  same  side. 
Thus  if  tlie  dreular  arrangement  of  bars 
represented  mfig.  169  be  suspended  by 
a  thread  at  A,  and  opposite  magnetic 
poles  he  applied  at  H  and  C,  out  of  the 
circle,  while  the  fiame  of  a  spirit-lamp 
is  held  steadily  at  H,  the  combined  ac- 
tiona  of  the  two  magnetic  poles  upon 
the  adjoining  ascending  current  at  H. 
and  descending  currer»t  at  C.  will  be  to 
move  the  circle  till  its  plane  ia  at  right 
angles  to  its  former  position.  But  the 
impulse  it  has  acquired  by  the  joint  ac- 
tion of  the  magnela  is  sufficient  to  con- 
tinue the  motion  until  the  side  C  arrives 
at  the  flame.  This  part  of  the  circle 
beine  thus  heated,  while  the  part  H  is 
at  tne  same  time  becoming  cool,  an 
electric  current  Is  now  determined  from 
C  through  A  to  H,  and  hack  again 
through  B  to  C,  which  direction,  with 
reference  to  the  magnets,  is  the  same  aa 
before,  and  the  circle  is  urged  onwards 
in  its  revolution.  When  it  has  com- 
pleted an  entire  revolution,  all  the  cir- 
cumstances tieing  the  same  aa  at  first, 
another  impulse  will  be  given,  and  Ihe 
circle  will  continue  incessantly  lo  re- 
volve ;  the  ourrent  moving  alternately 
in  opposite  directions  at  every  semi-re- 
volution of  the  circle. 

(308.)  On  the  other  hand,  the  pole 
of  a  magnet  placed  within  the  circuit 
will  have  no  tendency  to  produce  rota- 
tion ;  l>ecanse  the  current  in  the  oppo- 
aite  branches  of  the  circle  moves  in  con- 
trary directions ;  and  being,  therefore, 
urged  by  the  magnet  to  revuve  in  oppo- 
site directions,  Ihe  circle  will  remain  in 
equilibrium.  But  two  systems  of  cirdea, 
■uppoited  each  tv  a  pcunt  on  the  cnda   , 

ooglc 
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ofahoTMthoetut;iict,pl«eedTefti(»U;,  Rhodimn,                 OiMngal.  | 

with  the  poln  appermost  (Ihkt  it,  fixed  Gold,                         nambagOtf 

u  in;!;.  SO).  Bna  )l  lamp  beinx  placed  Copper,                     Iron, 

hair  way  between  the  poles,  each  of  the  Siher,                       Arienie, 

circles  will  revolve  by  the  aclion  of  that  Zinc,                          AntioKiiy. 

pole  which  is  exterior  to  it.  Cadmium, 

(309.)  It  appears  /ram  these  and 
other  experimentt  of  a  similar  kind*,  (113.)  In  this  ssriei  ereiy  awtal  is 
that  Ihe  mutual  action  of  a  maznet  and  poutive  with  respect  to  all  those  below 
a  thenno- electric  current  is  subject  to  it,  and  negative  to  those  above.  Henct; 
the  same  laws  at  those  of  ma|^etn  and  any  two  metal*  occupying  dtualions 
galvanic  currents ;  and  henct  all  the  intermediate  between  the  two  extremes 
phenomena  of  the  attraction,  repul-  will  together  compose  a  thenno-electrio 
ir  rotation  of  conductors  convening  circuit  similar  to,  though  of  le«a  pow 
h  and  uil 


ttalvanic  currents,  msy  be  exhibited  by  than  tliaf  formed  by  bismuth  and  uili- 

a  therm O'clectric   current   transmitted  mony. 
through  the  same  conductors.  (313.)  The  order  in  whi^  Ibe  metals 

(310.)    The  two  metals  of  which  the  stand  in  the  above  series  does  not  con- 

combinntian   and   contact  produce  the  tinuethesane  at  alltemperaturea:  thus 

moit  powerful  thermo-electric  currents,  gold,  silver,  copper,  brass,  and  zinc. 

are  antimony  and  bismuth,  which  wa  should  beplaceubelowirotiinnightcin- 

shall  accordingly  lake  as  the  representa-  peratures,  though  they  rank  above  it  in 

lives  of  their  respective  classes.    As  in  a  low  heat. 

the  galvanic  circuits,  where  the  current       (314.)  On  comparing  the  series  above 

of  positive  electricity  is  flowing  directly  given,  which  represents  the  thenno-elee- 

from  the  copper  to  the  sine  (see  Oat'  trio  relations  of  the  metals,  with  that 

vmitm,  f  4),  the  latter  is  generally  said  given  in  the  Treatise  on  Galvanitm,  ( 

to  beposilive  with  respect  to  the  former  73,  which  represents  their  f^vanic  re- 

(see  Galvamtm,  $  73) ;  so,  in  the  ther-  lations,  it  will  be  evident  that  there  is  no 

mo-electric  circuit,  the  bismuth  is  gene-  eorreapondence  between  Ihera. 
rally  said  to  be  positive  with  regard  to       (313.)    The  contact  of  the  metals  in 

the  antimony,  because,  in  the  colder  these  emeriments  is  most  completely 

portion  of  the  circiut,  the  electric  cui-  lecnred  by  soldering  them  ti^ther;  bat 

rent  is  passing  from  the  antimony  to  the  in  most  cases  it  will  be  sufficient,  if  lliey 

bismulbt.  are  in  the  form  of  wires,  to  twist  Ibem 

(311.)  In  the  Treatise  on  Galvanism,  closely  together.    Mercury  may  be  eon- 

we  have  given  (}  73)  a  list  of  metallic  veniently  employed  as  the  intermedium 

sobstances  in  the  order  of  their  oxidabi-  between  other  metals :  the  mercury  be- 

hties,  or  rather   in  the   order  of  their  ing  previously  heated,  the  extremities  of 

electrical  relations,  when  united  in  gal-  each  piece  composing  the  pair  bdnz 

vanic  circuits,  with  interposed  acids.   A.  dipped  into  it  at  the  same  moment,  and 

number  of  experiments  have  been  made  the  other  extremities  being  applied  to  a 

by  Professor  Cumming,  for  the  purpose  galvanometer.    Even  a  small  (ra^eat 

of  determining  the  comparative  Ihermo-  of  any  metallic  substance  is  sufficient  to 

electric  relations  of  the  different  metals  afibrd  indications  of  its  ttienno-electnc 

by  forming  circuits   of  them  taken  in  relations,  if  placed  upon  a  disc  of  the 

pairs.     From  these  the  following  series  metal  with  wnich  it  is  to  be  comparec^ 

has  been  deduced,  descending  from  the  and  touched  with  a  hot  wire ;  the  circuit 

extreme  positive,  as  we  have  already  being  completed  throiish  the  wire  and 

defined  it,  which  is  bismuth,  to  the  ex-  the  disc.   But  it  is  found  that  the  resutts 

treme  negative,  which  is  antimony.  of  experiments  so  made  do  not  always 

Bismuth,  Cobalt.        I  f"^"^  "1'^  **""■/  obtained  by  employing 

Mercuiy.  ,  Manganese,  f  ^'IP'  P'«"'''  .'°I  '*  tS'^"!'.""'   I** 

Nickel       f  Till  effect  is  much  mnuenced  by  Ihe  rtlahie 

Platina.  Lead.  dimensions  of  the  heated  surfaces.  Even 

PaUadiim.  Bra^  **•*"  ""*  e*I«"™ent  is  made  by  plune- 

fauadium, ""^  ing  the  metals  to  be  examined  in  heated 

""^~  "Z  mercury,  the  direction  of  the  current 

mM'°M™u.lS^7q™.        '^'"    ""  ^11  be  determined,  in  many  cases,  hj 

f^niereii  iilIi  kciiu  confaniv  Ld  Hit  ippiiemtioi  the  ordCT  in  which  they  have  been  im- 

■>(  Ihe  Imni  JMilirt  mi  ii((»tiT«  M  On  di»»i«t  mg).!^, 

SMm>iirth*'i^>na^"bi'£jb^iptKl^       (3lt.)   ConriiltnUe  (linnUiet  lakt 
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pltM  ID  the  dirMtMKU  of  the  current  chants  Uking  place  in  tha  materUls 

wtien  the  metftl*  contun  any  alloy,  or  composing  the  circuit.      Oiudation,  at 

nre  not  in  a  state  of  perfect  purity,  lent,  ha«  no  share  in  the  effect;  for 

Thus,  although  bismuth    and  lin  are  Becquerel  has  repeated  the  esperimenls 

each  poiitive  with  reKud  to  copper,  yet  of  Seebeck  and  olhen,  relating  to  thi* 

an  alloy  of  the  two  Former  is  found  to  mode  of  action,  when  the  apparatue  was 

1m  negative  with  regard  to  the  latter  surrounded  \y  hydrogen  gas,  without 

metal.  any  sensible  difference  in  the  results.* 

<317.)  We  are  yet  br  from  possessing  (313.)  The  great  peculiarity  which  dis- 
any  theory  by  which  the  whole  of  the  tinguishea  thermo-electric  currents  (roni 
(ants  belonging  to  thermo-etectricily  thoseproducedby  galvanicaction,  islhat 
can  be  satisfactorily  explained.  The  tlie  quantity  of  circulating  electricity  is 
most  inteliit^bie  account  of  them  appeara  tnucn  greater  compared  with  its  inten- 
to  be  that  given  by  Becquerel*,  which  tilj).  They  are,  in  this  respect,  still 
proceedsuponthehypothesis,lhatwhen-  further  removed  from  (he  condition  of 
ever  a  particle  of  a  metal  receives  heat  streams  of  electricity  produced  in  the 
from  a  body  of  a  higher  temperature  common  electrical  machine,  which  pos- 
than  itself,  part  of  Iha  neutral  electric  sessamuchgreaterintensity,  though  they 
fiuid  which  fi  attached  to  it  is  decom-  are  much  less  considerable  in  quantity 
posed,  the  vitreous  fluid  l)eing  retained,  than  golTanic  currents.  Hence  it  is 
and  the  resinous  fluid  driven  off,  and  chiefly  by  their  effects  in  producing 
passing  into  the  adjoining  particles  o[  deviations  in  the  magnetic  needle  that 
metal.  In  proporiion  as  the  heat  ex*  the  existence  of  thermo-electric  currents 
lends,  by  qommunication  from  particle  is  rec<^iied.  The  lovr  state  of  inlen- 
to  particle,  similar  effects  take  place  in  sity  of  these  latter  currents  occasions 
eaon  of  those  that  are  acquiring  heat,  great  loss  of  power  whenever  they  have 
whiiecontrary  effects  are  takingplace  in  to  traverse  any  considerable  line  of  con- 
all  those  that  are  losing  heat.  Thus,  the  ductors, — even  of  metals,  which  are  the 
simple  diffusion  of  that  porlion  of  heat  most  perfect  conductors.  On  Ihisac- 
which  was  originally  received  by  the  count  it  is  that  very  little  advanta^^  is 
first  particle,  produces  only  an  oscilla-  gained  by  forming  compound  circuits; 
lory  movement  of  the  electrical  fluids  tnat  is,  arranging  their  elements  in  a 
between  adjacent  particles,  attended  by  series  of  alternations  analogous  to  ihoH 
a  series  of  decompositions  and  com-  of  the  voltaic  pile.  Messrs.  Fourier  and 
binations  of  the  two  electric  fluids.  But  Oersted  made  trials  of  this  kind;  first 
if  the  source  of  heat  be  permanent,  so  combining  three  bars  of  bismuth  with 
that  the  temperature  ofthefirst  particles  three  bars  of  antimony,  placed  altera 
which  receiveittwuniformlymainlained,  nately,  so  as  to  form  the  sides  of  a 
the  retrograde  movements  of  the  decom-  hexagon, and  with  their  contiguous  enda 
posed  electric  fluids  are  prevented,  and  soldered  together,  thus  composing  a 
a  continued  current  of  each  lakes  place  thermo-electric  circuit,  which  included 
in  0{)posite  directions  ;  the  negative  three  pair  of  elements.  The  length  of 
electricity  being  impelled  forwards  &om  the  bars  was  about  four  inches  and  a 
the  parts  where  the  temperature  cod-  half,  their  breadth  about  half  an  inch, 
tinues  high  to  those  which  continue  to  and  their  thickness  one-iixth  of  an  inch, 
be  colder,  and  a  positive  current  moving  This  circuit  was  placed  upon  two  sup- 
in  the  contrary  direction.  It  follows,  ports,  and  in  a  horiiontal  position,  one 
from  this  hypothesis,  that  when  two  of  the  sides  of  the  hexagon  t>eing  in  the 
different  metaJs  are  placed  in  contact,  magnetic  meridian.  A  com  pass- neeille 
so  as  to  constitute  a  circuit,  the  currents  was  placed  tjelow  this  aide,  and  as  near 
from  the  heated  parts  that  are  con-  to  it  as  possible,  and  was  yen  sensibly 
joined  will  be  urged  in  opposite  direc-  affected  when  one  of  the  solderings  at 
tions ;  but  (he  strongest  will  prevail,  the  junctions  of  the  bars  was  heated 
and  the  thermo-electric  current  actually  with  the  flame  of  a  lamp.  The  devia- 
observed  is  that  which  results,  and  of  tion  was  considerably  increased  on  heat- 
which  the  intensity  is  equal  to  the  differ-  bg  two  of  the  alternate  angles  of  the 
ence  between  the  two  that  are  uinul-  b^agon ;  and  a  still  greater  deviation 
taneously  developed.                          ,  was  produced  when  the  heat  was  applied 

{318.)     Thermo-electricity  does  not  to  the  three  alternate  angles.    Simitar 

appear  to  have  its  source  in  any  chemical  effects  were  produced  wlwn,  instead  of 
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M  ELECTRO-UAaNlETISU. 

•pplfing  heat,  the  temperature  of  one  Galvanitm,  j  69),  it  will,  tbaefiire,  be  a 

or  more  o(  the  other  angles  of  the  heit-  more  imperlect  conductor  than  the  me. 

Bzon  wu    reduced  t>T  me&ni  of  ice.  fals,  and  will  oppose  some  degree  of 

When  the  action  of  tne  ice  was  com-  resistance  to  the  passage  of  the  electric 

bined  with  that  of  the  flame,  applied  at  currents  circulating  through  the  wbole 

the  same  time  to  the  alternate  angles  assemblage. 

all  round  the  herafroo,  the  effect  was        (323.)  There  are,  therefore,  strictly 

still  more  considerable,  the  deviation  of  speakinfc.  three  states  of  electricity.  That 

the  needle  amounting  to  sixty  degrees,  derived  f^om  the  common  eleclr^al  ma- 

(320.)    By  continuing  these  experi-  chine  is  in  the  highest  state  of  tension, 

ments  with  more  numerous  alternations,  and  accumulates  till  it  is  able  to  force  a 

it  was  found  that  the  total  effect  of  a  passage  through  the  air,  which  is  a  per- 

compound  thermo-electric  circuit  is  verv  feet  non-conductor.     In  the  galvanic 

infennr  to  the  sum  of  (he  effects  which  apparatus  the  currents  have  a  smaUn' 

the  same  elements  could  produce  when  degree  of  tension  ;    tiecause,  allhoneh 

employed  in  the  formation  of  simple  they  pass  freely  through  the  metailic 

circuits,  so  that  the  electro-magnetic  elements,  they  meet  with  some  impetli- 

forces  called  into  action  increase  in  a  ment  in  traversing  the  fluid  conductor, 

much  less  ratio  than  the  number  of  But  in  the  thermo-electric  currents  th« 

alternations  constituting  the  series*.  tension   is   reduced  to  nothing,  because 

(321.)  The  latest  thermo-electric  ex-  throughout  the  whole  course  of  the  cif- 

periments  are  those  of  Messrs.  Nobili  cuit  no  impediment  exists  to  its  free  and 

and  Melloni,  of  which  an  account  was  uniform  circulation, 
read  to  the  French  Academy  of  Scieneea         (324.)  These  consideration*  serve  also 

in  September  last  (1831. )t    Alhermo-  to  explain  why  the    latter  species  ot 

electric  pile,  consisting  of  thirtyaix  pairs  current  is  inadequate  to  effect  any  kind 

of  plates  of  bismuth  and  antimony,  hav-  of  chemical  decomposition,  or  even  to 

ing  a  galvanometer  with  two  needles  produce  any  degree  ot  permanent  mag- 

attached  to  it,  was  found  to  be  so  sen-  netism.     It  has  hitherto  been  faand 

■ible  as  to  be  affected  by  the  warmth  of  impossible  to  magnetize  steel  ban  by 

n  person  at  the  distance  of  thirty  feet  means  of  thermo-electricity,   although 

A  number  of  delicate  experiments  were  the  apparatus   employed  for  that  pnr- 

madewith  this  apparatuson  the  permea-  pose  was  capable  of  producing  a  Strang 

bility  of  bodies  to  radiant  heat,  on  the  effect  on  the  magnetic  needle. 
temperature  of  insects,  and  on  the  pow-         (32S.)   It  is  probably  owing  to  some 

ers  ot  different  bodies  of  emitting,  re-  quality  offhiakindinthecurrents.whidi 

fleeting,  and  absorbing  heat.    Consider'  theory  assigns  as  the  source  of  mKgne- 

able  douht  is  also  thrown  by  these  in-  tism  (namely,  fi'om  deficiency  in  teniion), 

quirers  on  the  conclusions  ot  Fourier  that  all  the  endeavours  which  have  so 

and  Oersted  with  respect  to  the  limited  many  different  times  been  made  by  va- 

effect  of  increasing  the  number  of  alter-  rious  experimentalists  to  obtain  from 

nations  in  augmenting  the  intensity  ot  magnetism  any  effects  that  may  he  con- 

the  current.  sidered  as  exclusively   electrical,   have 

(322.)  It  would  appear  also,  from  the  uniformly  failed.    Although  a  magnet 

observations    of   Professor    Cumming,  is  powerfully  affected  by   a  current  of 

that  although  the    hydro-electric  and  electricity  proceeding  from    a    voltaic 

thermo-electnc   currents  may  both  be  batteiy,  it  does  not  appear  that    the 

r^rded  as  continuous,  when  compared  magnet   is  capable   of  augmenting   or 

withthoseof  common  electricity,  excited  dimmishing  either  the  intensity  or  t«- 

by  the  electrical  machine,  which  are  locity,  or  any  other  of  the  qualities  Oi 

manifestly  discontinuous  (see  Gidvan-  the  electric  current.    The  only  way  in 

itm,  f  21  and  94),  yet  when  the  hydro-  which  the  reaction  of  the  magnet  b 

,  electric  and  thermo-electric  currents  are  shown,  is  by  giving  the  electric  current 

compared  with  one  another,  the  con-  a  tendency  to  lateral  deflexion,  as  if 

tinuity  of  the  latter  ia  by  far  the  most  urged  by  tangential  forces  proceeding 

complete.  This  will  appear  evident  f^om  from  the  poles  of  the  majpiel.    If  the 

the  consideration  that,  as  it  is  necessary  wire  of  a  galvanometer  form  part  of  the 

that  one  of  the  three  elements  of  a  gal-  vtjtaic  circuitf  and  a  powerful  magnet 

vanic  circuit  must   be    a   fluid   (see  be  applied  to  other  parts  of  the  circuit. 

whether  bent  into   a  helix  or  not,  no 

■  Qurt><lrJgDfHli{S<ito«.>.i  IK.  indication  of  any  action  iTom  the  magnet 

fBiUMiaiUM«Mi.Ho.iLiWUU.  i>  affinded  by  the  needle  Of  the  galvaito- 
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Mr.  Faraday  ii  at  preaent  enea^  in  an 
ntperimenlal  inquiry  upon  tnis  iubject, 
vhich  cannot  fajl,  in  luch  able  hands. 


ELECTRO-MAGNETISH.  n 

Jr.*  We  underatand,  however,  that  Tiolet  rays  of  a  ipeetrum  thrown  by  an 
i%«,i.»i..t™=.=nt-„».~_n_.„  equiangular  prism  of  flint  glaia,  on  « 
pannel  at  five  feet  distance.  Ai  the 
place  of  the  Bpectrum  shifted  by  the 
motion  of  the  bud,  the  needle  was  moved 
ao  as  to  keep  the  exposed  part  constantly 

n„.„ viTj-  '"  ""^  ^''''^'  "'y-  The  sun  being  bright. 

Chapter  XIV.  ;„  ,g„  ^^^^  ,„„  y^^^^  ^^^  ,j^l1_  „^j^^ 

In/luma  of  Light  on  MapteHtm.  '^'°''f  'Ij^  'JP^"?""'  '^"^'^  "?  "^D" 

'              ^     -B               -B  ofpolanty,  had  become  magnetic,  the 

(32G.}    Fropbssok  Morichini  o[  Rome  exposed  end  having  the  properties  of  a 

Rnilounced,  in  the  year  1813,  his  having  norlh  pole. 

discovered  that  steel,  exposed  in  a  par-  The  season  continuing  fevourabie, 
tioularmanner  to  theconcentratedviolet  afforded  daily  opportunities  of  repeat- 
rays  of  the  solar  apeotnim,  became  mae-  ing  and  varying  the  experimenls  with 
netic;  but  the  uniform  failure  of  Ine  needles  of  di^rent  sizes,  and  placed 
eiperiment,  when  tried  by  every  other  in  different  positions  with  respect  to 
person,  had  created  great  doubt  of  the  the  meridian,  and  at  different  distances 
accuracy  of  the  result  aa  reported  by  from  the  prism.  The  results  were  nearly 
MorichinL  In  the  course  of  some  ex-  uniform,  and  similar  to  that  above 
perimenta  made  by  Mr.  Chiistie,  in  the  stated.  It  was  not  found  necessary  lo 
year  1 S24,  he  was  led  to  the  conolusion  darken  the  room,  provided  the  spectrum 
that  the  solar  rays  actually  do  exert  a  was  thrown  out  of  the  direct  aolar  rays. 
sensible  influence  on  masnetisni,  whieh  (328.)  Mrs.  Somerville  next  endea- 
ia  shown  by  their  affeoting  the  vibra-  voured  to  ascertain  whether  the  other 
tioDS  of  a  maE^elized  needle  exposed  to  prismatic  rays  had  the  aame  property 
them,  quite  independently  of  the  efiecia  as  the  violet.  Needles,  previously  aa- 
produced  )yf  the  neat  which  they  impart,  cerlained  to  be  unmagnetic,  exposed  to 
A  needle,  six  inches  long,  contained  in  the  blue  and  green  rays,  sometimes 
a  brass  conpass  box  with  aglass  cover,  acquired  magnetism,  though  less  uni- 
was  suspended  by  a  fine  hair,  and  made  fbrmly  and  less  quickly  than  in  the 
to  vibrate,  alternatelv  shaded  and  ex-  violet  ray  :  when  magnetism  was  thus 
posed  to  the  sun.  He  found,  from  a  communicated,  it  seemed  to  be  equally 
number  of  trials,  that  the  vibrations  of  atrong  as  in  the  former  case.  The  in- 
the  needle,  when  exposed  to  the  sun,  digo  ray  succeeded  nearly  as  well  as 
ceaudin  a  much  shorter  time  than  when  the  violet.  The  exposed  end,  in  almost 
they  took  place  in  the  shade.  That  thin  erer)|  case,  became  a  norlh  pole.  In  no 
greater  slowness  of  (he  vibrations  was  one  instance  was  magnetism  produced 
not  attributable  to  an  increase  of  tern-  by  the  j-ellow,  orange,  or  red  rays, 
peralure,  was  proved  by  the  needle's  though  in  some  instances  the  same 
being  observed  to  vibrate  more  rapidly  needles  were  exposed  to  their  influence 
wlien  its  temperature  was  raisea  by  for  three  successive  days ;  neither  did 
other  meanst.  the  calorific  rays  of  the  spectrum  pro- 

(327.)  In  the  summer  of  1S2S,  Mrs.  duce  any  sensible  effect. 

Somerville  was  induced,  by  the  unusual  (329.)    Pieces  of  clock  and  watch 

clearness  of  the  weather,  to  investigate  spring  were  next  tried  with  similar  snc- 

this  subjectj.    Having  at  that  time  no  cess,  and  were  found  to  be  even  more 

information  of  the    manner   in   which  susceptible   of    this   peculiar  magnetic 

Morichini's  experiments  had  been  con-  influence  than  needles,  possibly  on  ic- 

ducted,  it  occurred  to  her  that  if  the  count  of  their  blue  colour,  or  greater 

whole  needle  were  equally  exposed  to  proportional  surfaces.     The  violet  rays 

the  violet  rays,  it  was  not  probable  that'  concentrated  by  a  lens  produced  mag- 

the  same  influence  which  produced  a  netism  in  a  shorter  time  than  the  prism 

Muth  pole  at  one  end,  would,  at  the  alone. 

■una  time,  produce  a  north  pole  at  the  (330.)  Experiments  were  next  insti- 

other.    She  therefore  covered  half  of  a  hited  by  transmitting  the  solar  rays 

■lender  lewiiig-needle,  an  inch  Itmg,  with  through  coloured  media.    Needles,  half 

paper,  and  fixed  it  in  such  &  manner  aa  covered  with  paper,  were  exposed  on  a 

to  expose  the  uncovered  part  to  the  atone  outside  a  window,  under  a  blue 
~  f  cobalt,  to  a  hot  sun 

-.  -— ■  hours.     They  were 

found  to  be  EnU}  migDetie :  but  tfaeir 
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paper,  ana  nxea  it  m  sucn  a  manner  aa  covereo  wnn  paper, 
to  e^iose  the  uncovered  part  to  the  atone  outside  a  win 
— glass  coloured  \n  c 
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nugnctitm    wu   not  permkaentl;  re*  doriDg  that  entome  a  eeitiiii  dagm  of 

lained.     In   lubwquent    experiment  i,  heat ;  whicti  heat  is  ti^n  loat  by  noc- 

bf  an  exponire  of  needlei  under  the  tumal  radiation.    Although  the    effect 

same  drcumstancei,  for  sU  houn,  n  of  thete  alternate  changei  of  temper«- 

Tery  lennble  degree  of  magnetism  wai  ture  may  extend  only  to  a  small  depth 

acquired,    and     remained    permanent,  belon  the  surface,  yet  eoniiderinif  their 

The  rays  trannnltted  through  the  blue  immense  superficial  extent,  they  may  be 

glassem[doyedinthiiexperiment  black-  sufficient  to  give  rise  <o  thenno-electric 

ened  muriate  of  silver  aa  powerfully  as  currents  of  conaiderablt:  power.     It  tuts 

Uioae  transmitted  through  uncoloured  been  conjectured,  alio,  that  these  effects 

glass  ;  thus  proTing  that  it  was  freely  may  be  combined  with  an  influence  of 

permeable  to  the  cnemical  rays  of  the  anotherkind,  more  directly  derived  flrom 

•olar  spectrum.    Green  glass  waa  alao  the  rotation  of  the  earth  oaitt  axis,  on 

tried ;  and  the  rays  whi3i  had  pene-  the  pnndple   that  all  tiodies  have  been 

trated  it  were  likewise  found  to  commu-  found  to  exhibit  magnetic  polarity  by 

nicate  magnetism.    The  white  light  of  rotation.t 

the  sun  produced  no  magnetic  eSeA       (333.1  Tint  electric  currenta  do  resDy 

whatever  on  needlei  exp<»ed  to  ita  in-  circulate  in  different  parti  of  the  sohd 

fluence.  strata  of  the  earth,  ii  not  merely  matter 

(331.)  Although  the  experimCTti,  of  of  conjecture:  the    existence  of  «u^ 

which  we  have  just  stated  the  results,  currents  hai  been  lately  proved,  in  the 

are  minutely  det^ed  in  the  (taper  atwve  most  satisfactory  manna",  by  Mr.  Robert 

referred  to  in  the  Philonophical  Trans-  Fox,  in  a  paper  "  On  the  EJeclro-mag- 

aclions,  yet,  in  many  trials  made  by  other  netic  properties  of  metalliferoui  veins,'* 

experimentalists,  no  success  has  been  which  has  been  recently  puhhshed  in  the 

obtained.     The   experiments  on  the  os-  Philoaophical   Transactions*.     Having 

cillations  of  the  needle  were  repeated  by  been  led  from   theoij  to  entertain  the 

Messrs.  P.  RiesB  and  L.  Moser  without  belief  that  a  connexion  exists  between 

any   satisfactory    result*.      We   may,  electric  action  in  Iheinteriorof  the  earth, 

therefore,  consider  the  subject  as  stkll  and    the  arrangement  of  metalliHeroas 

open  to  inquiry,  and  aa  requiring  a  more  veins,    he   was   anxious  to  verily    this 

minute  ana  scrupulous  investigation.  opinion  by  experiment.    The  first  trials 
he  made  nilh   this   view   were   ansnc- 

CHAPtBK  XV.  cessful :  but   by  peneverin?  in  hi*  al- 

f.  .  .      .„        ,  .  ,  „       ,■  tempts,  he  soon  obtained  decisive  evi- 

Ongtn,ifTerrx»lnamapiehtm.  j^n^   of  considerable  electrical  action 

(332.)  Sbtebai.  causes  have  been  as-  in  the  mine  of  Huel  Jewel,  in  ComwalL 

signed  for  the  magnetic  influence  which  His  apparatus  consisted  of  small  plates 

theglobeof theearthisfoundtoexercise,  of   sheet  copper,  which   were   fixed  in 

not  only  over  the  magnetic  needle,  but  contact  with  ore  in  the  viens  by  copper 

also,  as  we  have  seen,  over  currents  of  nails,  oreliewedgedcloselyagainstlhein 

voltaic  electricity   transmitted  through  by  wooden  props  stretched  across  the 

conductors.    (See  Chapter  IX.  §  I2a,  galleries  of  the  mine.    Between  two  of 

et  tea,)  Among  the  various  substances  these    platei,   at    different    stations,   a 

nhicn  occupy  the  interior  of  the  globe  communication  was  made  by  means  of 

it  is  extremely  probable  that  chemical  copper  wire,  one  twentieth  of  an  inch  in 

Bclioni  of  different  kinds  are  incessantly  diameter,  which  included  a  galvanometer 

occurring.    These  actions  wiU,  for  the  in  its  circuit.    In  some  instances  three 

most  part,  however,  be  very  slow,  and  hundred  fathoms  of  copper  wire  were 

will  continue  with  a  certain  degree  of  employed. 

uniformity  for  very  extended  periods  of       (334.)  The  intensity  of  the  electric 

time.    They  will  occur  more  especially  currents  was  [oundtodiffereonsidenbly 

in  the  superficial  strata  of  the  earth,  in  different  places.    It  was  generally 

where  the  combined  agencies  of  water,  greater  in  proportion  to   the   greater 

of  atmospheric  ur,  and  of  heat  are  in  abundance  oF  copper  ore  in  the  veins. 

constant   operation.     The  influence  of  and  in  some  degree  also  to  the  depth  o( 

thesolar  rays  on  a  surface  of  such  vast  the    station.     This  curious  fact  may 

extent  must  tie  very  considerable :  and  possibly  afford  the  miner  some  me(m 

excepting  in  the  vicinity  of  the  poles,  indications  as  to  the  relative  quantities  of 

eveiy  portion  of  that  aurhce  is  exposed  ore  which  the  vein  contains,  and  abo  n 

msuereaaion  lo  their  action,  and  acquires  ~— 

■    ■ 1 — .  ■  Cmniiat^  Muiul.  *o.  ■■  tn. 
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to  the  directioni  in  which  it  ismott  pro-  resullant  electro-munetic  action  of  the 

dnctive.    The  electricity  thus  perpetu-  whole  combination  being  thst  of  which 

ally  in  action  does  not  appear  to  oe  in  we  witnsss  the  effbeti,  and  which  may 

any  respect  influenced  by  the  presence  he  considered  as  due   to  electrical  cur- 

of  the  workmen  and  their  candles ;  nor  rents  circulating  in  directions  parallel 

even  by  the  explosions  of  gunpowder  in  to  the  magnetic  equator  round  the  siir- 

blaating.  face  of  the  earth. 

(339.)  Mr.  Fox  observe*  that  ores        (337.)    Even  in  the  irregularities  in- 

which  transmitelectrieityhave  generally  eideut  to  the  magnetic  f^teea  derived 

some  conducting  material  interposed  in  from   the    earth   we    may  diseem   the 

the  veins  between  them  and  the  iitrface :  operation  of  causes  which  are  periodical 

a  structure  which  appears  to  bear  some  in  their  operation.     Thus  the  diurnal 

analogy  to  the  ordinary  galvanic  combi-  and    annual  changes  of  the  variation 

nationfi.  These  electrical  currents  which  of  the  needle  may  be  traced  to  cor- 

pervade  mines  wereifound  to  have  vari-  responding  changes  in  the  petition  of 

ous  and  frequently  opposite  directions  in  the  different  parts   of    the   earth  with 

different  parts  of  the  same  mine.  regard  to  the  sun,  in  as  f^  as  these 

(336.)  The  metals  are  probably  not  electric  currents  are  dependent  upon 
the  only  substances  capable  of  giving  solar  influence.  The  progressive  changea 
rise  to  electrical  currents  in  the  earth ;  in  the  variation,  which  embrace  longer 
for  it  is  well  known  that  galvanic  com-  periods  of  time,  are  less  easily  accounted 
binations  may  be  formed  by  arrange-  for,  andappaar  referabletocauaes  which 
ments  of  elements  that  are  not  metallic,  act  at  greater  depths  below  the  surface 
(Sm  Galvanism,  ^  S7.)  The  direction  of  theearth;  andareprobabl^connected 
of  each  current  will  of  course  t)e  deter-  with  chemical  changes  taking  place  m 
mined  by  the  relative  positions  of  the  the  interior  of  the  ^lobe,  of  which  we 
elements  from  which  it  is  derived  ;  but  can  possess  no  certain  knowledge, 
even  if  we  suppose  Ihe  arrangement  of  (33B.)  On  the  whole,  then,  it  mast  be 
these  elements  to  be  fortuitous,  a  pre-  allowed,  that  there  are  strong  grounds 
vailing  current  will  still  result,  arising  for  Ihe  belief  that  there  sutotsta  lome 
from  the  difference  of  their  actions  ;  for  mutual  connexion,  or  rather  an  intimate 
it  is  infinitely  improbable  that,  without  a  relation  and  affinity,  between  Ihe  several 
designed  arrangement,  the  currents  in  imponderable  agents,  namely.  Heal, 
opposite  directions  should  be  exactly  Li^ht,  Eiedrieity,  and  Magnetitm, 
equal,  so  as  to  destroy  one  another,  which  pervade  in  so  mysterious  a  man- 
Irregularities  of  distribution  probably  ner  all  the  realms  of  space,  and  which 
exist  with  rejpird  to  Ihe  materials  com-  exert  so  powerful  an  influence  over  all 
poung  the  interior  of  the  globe;  the  Ihe  phenomena  of  the  ur' 


NoTB.  Since  the  alwve  was  sent  to  the  press,  a  paper,  by  Mr.  Faraday,  has  been 
communicated  to  the  Koyal  Society,  disclosing  a  most  important  principle  in  elec- 
tro-magnetism, of  which,  I  regret,  1  can  only  give  the  following  brief  statement. 

By  a  numerous  series  of  experiments,  Mr.  Faraday  has  established  the  general 
fact,  that  when  n  piece  of  metal  ia  moved  in  any  given  direction,  either  in  front  of 
a  single  magnetic  pole,  or  between  the  opposite  poles  of  a  horse-shoe  magnet, 
electrical  currents  are  developed  in  the  metal,  which  pass  in  a  direction  at  right 
angles  to  that  of  its  own  motion.  The  application  of  this  principle  affords  a  com- 
plete and  satisfactory  explanation  of  the  phenomena  observed  bv  Arago.Herschel, 
Babbage,  and  others,  where  magnetic  action  appears  to  be  developed  by  mere 
rotatory  motion,  and  which  have  t>een  erroneously  ascribed  to  simple  magnetic 
induction,  and  to  the  time  supposed  to  be  required  for  the  progress  of  that  induc- 
tion. The  electro-magnetic  effect  of  the  elective  current  induced  in  a  conductor 
by  a  magnetic  pole,  in  consei^uence  of  their  relative  motion,  is  such  as  tends  con- 
tinually to  dimmish  that  relative  motion ;  that  is,  to  bring  the  moving  bodies  into 
a  state  of  relative  rest :  so  that,  if  the  one  be  made  to  revolve  by  an  extraneoua 
force,  the  other  will  tend  to  revolve  with  it,  in  the  lame  direction,  and  with  the 
WKOS  velocity. 


Di.itz.dHi-'ioOglc 


POSTSCRIPT. 

Thi  desl^  of  the  last  four  Treatises  has  been  to  offer  a  condeased  and  me- 
thodical work  on  that  important  department  of  Natural  Philosophy  which  com- 
priies  the  diversified  phenomena  of  Electricity  and  MagDetism.  These  phe- 
uomena,  which  were  formerly  regarded  as  the  effects  of  two  perfectly  distinct 
■gents,  are  now  diaccraered  to  have  an  iDtimate  relation  to  one  anather,  and, 
in  all  probability,  to  be  dependent  on  one  and  the  nme  principle  :  in  like 
manner,  as  it  was  found  by  Newton  that  the  simpler  mechanical  phenom^ift 
of  the  universe  are  the  results  of  the  siugle  principle  of  gravitation.  A  suc- 
cinct and  connected  account  of  the  numeroua  discoveries  which  the  esertion^ 
of  philoHophers  have  recently  brought  to  light  on  this  bigblj  interesting 
branch  of  physical  icieoce,  collected  from  the  various  sciei  tific  jonmals  atid 
transactions  through  which  they  are  dispersed,  and  digesled  in  a  didactic 
order,  seemed  to  be  pEulicularly  wanting,  and  to  be  especially  calculated 
to  further  the  objects  of  the  Society  for  the  Diffwion  ofUitful  Knowledge. 
In  pursuance  of  this  design,  I  have  aimed  at  giving  to  the  subjects  treated  as 
much  condensation  as  was  compatible  with  perspicuity.  I  have  endeavoured  to 
conduct  the  student,  by  a  regular  progression,  from  the  simpler  to  the  more 
complex  topics  of  research ;  and  I  have  also  been  anxious,  by  placing  con- 
stantly before  his  view  the  distinction  which  exists  between  ascertuaed  facts, 
and  the  hypotheses  and  theories  devised  for  their  explanation,  to  illiistraie  the 
precepts  of  Bacon  by  examples,  and  tu  foster  that  genuine  spirit  of  philosopAi- 
col  inquiry  by  which  alone  error  can  be  avoided,  and  truth  attained. 

For  the  many  deficiencies  which  I  fear  the  reader  will  discover  in  the 
compIeUon  of  this  design,  I  have  to  plead,  in  extenuation,  the  very  scanty 
portion  of  leisure,  which  the  continual  pressure  of  my  professional  duties 
leaves  at  my  disposal.  When  I  undertook  this  task,  at  the  request  of  ihe 
Society,  above  four  years  ago,  I  was  far  from  anticipating  the  extent  of  ifae 
labour  it  has  imposed  upon  me;  and  from  the  multiplied  interruptions  to 
which  I  have  been  subject,  I  have  been  compelled  to  prosecute  the  work  in  a 
desultory  manner,  and  at  irregular  and  uncertain  intervals. 

Since  the  publication  of  the  eariier  Treatises,  many  valuable  researches 
have  been  made,  both  in  Electricity  and  in  Galvanism,  which  deserve  to  be 
recorded  in  their  proper  places.  This,  however,  is  an  inconvenience  which, 
in  the  present  age  of  improvement,  must  be  incident  to  every  scientific 
Treatise  -,  for  while  so  many  accessions  are  daily  accruing  to  the  stock  of 
information,  it  is  hardly  possible  to  keep  pace  with  the  rapid  growth  of 
knowledge;  nor  can  we  ever  hope  to  incorporate  the  whole  of  the  disco- 
Teries,  which  have  been  made  up  ui  the  last  moment  of  publication,  in  n 
systEmatic  work  on  any  scienca  To  wait  till  perfection  is  attained  would  ba 
vain  and  fruitless  presumption;  for  the  architecture  of  science  has  this  pecu- 
liarity, that  the  foundations  must  be  prepared,  and  the  superstructure  began. 
long  before  the  plans  and  elevations  re  completed.  To  posterity  will  be  left 
the  task  of  adding  the  key-stone,  and  of  removing  the  scaflblding  which 
interrupts  the  symmetry  of  the  perfect  edifice. 

P.  H.  RoasT. 
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-Bee 
Olon.  I. 

ABSCISSA.— See  Conis  SnIimw.  OIom.  L 

ACCELERATION.— See  QIom.  I. 

ACCELERATED  FORCE  ii  Ihr  In- 
creued  foroe,  or  impetui,  which  ■  bodf 
exerts  when  itopped,  m  csDuquence  oftbe 
■ccelsraljim  of  lU  motiim.  Soma  object 
to  tbe  eipranion,  wiil  propose  to  lubaii- 
luie  the  term  Aeeunmialtd  Font. 

ACCELERATED    MOTIOH^See   A»- 

ACCIDENTAL  COLOXJRS.— See  GIom. 
I. 

ACHROUATIC^SeeQlav.  I. 

ACIDS.  Tbe  term  add  wei  originxllx 
cotiEoed  to  danominete  ihoie  bodiea  only 
which  here  a  lonr  teat* ;  but  rtoently 
the  nune  ii  given  to  otW  lubatancei. 
The  present  chancterutic  of  an  add  ia, 
that  it  changes  the  blue,  green,  and 
purple  juices  of  Tegetables  to  a  red 
colour,  and  that  it  unites  with  allulii 
and  metaltic  oxides  to  form  Mita. 

ACID,  CARBONIC— See  Carim. 

,  NITRIC— See  iiwle. 

ADAMANTINE  SPAB.— See  Cbnmitmi, 
Glott.I. 

AFFINITY.— See  Oitwaad  Ammlst 

ACTING  POINT.— See  Mackae. 

ACTION.— See  Oloee.  I. 

ACTIVE  FORCE.— SeeGlou.!, 

ACUTE  ANGLE.— See  Angle. 

A  DULARIA.— See  Fddipar,  Qtou.  I. 

.AERIFORM  FLUIDS.— Se«  Ou,  Gloss.  I. 

AGATES.— See  aioM.  I. 

AIR,  GENERAL,  CONDENSED,ETJi£- 
RIAL,  &c    See  Olosa.  I. 

AIR,  PRESSURE  OF,  a  term  soaurtimei 
uiod  in  place  of  the  weight  or  tbe  pres- 
sure   of  the  atmosphere. — See   AtmoM- 

AIR,  INFLAMMABLE.— See  CbM«. 

AIB-TIOHT,  that  degree  of  downess  in 
any  vessel  or  tube,  whidi  prevents  tha 
Vassage  of  air,  undei  tbe  drcumitanees 
in  whidi  it  is  placed. 

AIB-VESSEL,  a  Tcssel  ia  which  air  Is 
condensed  by  piessnre,  for  the  purpose  of 
•nploying'  the  re-action  of  ii*  elittidty 
M  a  moving,  of  as  a  regulating  power. 

ALCHEMY,  the  name  of  that  fanciful  de- 
partment of  chemical  sdence  which,  for 
many  centuries,  was  occupied  in  the 
search  tor  the  philoaopher'a  atone,  and 
ib«  Sliair  FUm  I  brthe  former  cf  lAich 
H 


the  baser  were  to  be  transmnted  into  tbs 
predoua  motati,  and  by  the  latter,  hnmsn 
life  wu  to  be  indefinitely  prolonged. 
Sir  Richard  Slede  was  one  of  the  latest 
of  the  foilowen  of  that  phanlom. 
ALCOHOL.  That  portioo  of  a  vegeUble 
«ubstance  whicb  is  aweet  to  the  taite,  or 
which  is  capable  of  becoming  sweet  under 
certain  circumstances,  or  by  cert&in  mu- 
ni pulatioos,  ii  termed  fHiccAmni  or 
SaeciiarMe  matter.  Tliia,  wheu  lulfieienlly 
fluid,  readily  enien  into  an  intestine 
motion  called  the  Vaoia  fermtMaltM, 
emiu  Carbtmic  Acid  Oar,  and  becomea  of 
leu  and  leaa  apedfic  gravity  during  Iba 
I.  Thia  lesseningof weightiscalled 
aalim,  and  tbe  product  la  a  fiwu 


liijuid  i<  procured  by  diitillation.  It  ia 
lighter  than  water,  and  called  tpiriiuem; 
and  this,  by  re-diatillation,  (termed  Beif' 
lificaliBK,}  ia  brought  to  the  atale  of  ptire 
ipiril,  notified  tpirit  0/  uitie,  or  Alco/ut, 
which  are  different  names  for  the  same 
thing.  ..l/coAo/ always  retains  a  portion 
of  water,  and  its  purity  ii  calculated  by 
iu  freedom  from  flavour  and  itt  lightneu. 
I'he  strongesl  alcohol  yet  procured  has 
the  ipedfic  gravity  of  792,  taking  water 
at  1000. 

ALKALIES  are  substances  that  have  an 
acrid  taste,  chanjce  blue  vegetable  coloura 
togTeen,and  form  saltibythdr  union  with 
acids.  There  are  three  alkalies:  iUaiA, 
called  the  FegtlabU  Atiati,  and  Soda 
tbi)  Mineral  A/Aali  are  said  to  he  Fized 
AUataii  Bnd..«iinw>iba,  which  is  termed 
the  FUalile  Alkali,  becauae  it  eiiaU  in  the 
form  of  a  ga.  Potash  and  Soda  are  un- 
deralood  to  be  Che  oxides  of  two  aubstancea, 
called  Pulauaim  and  Sodiim,  which  are 
daued  among  the  metala.  Lime  and 
certain  other  minerals,  having  some  of  the 
propertie*  of  an  alkali,  are  called  AUmTim 
Suheliiee,. 

ALTITUDE  of  the  ntn  or  a  star.—See 

AMALGAM  (fnmi  the  Gr«ek  on,  tiws- 
tber,  and  ^oimd,  I  marry)  ia  a  chnnical 
term  aiguifying  the  nnioa  of  any  metal 
with  mercury,  which  is  a  solvent  to  v>- 

AMETHYST.'— See  Comubm. 
AMMONIA^-See  AOalie: 
AMPLITUDE.— See  Horium. 
ANALCIME  is  a  atone  which  is  found  In 
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ill*  'BMnm  of  lurd  Utm. 
under  tbe  blowpipe  into  a  Mini-tninipt- 
rent  gl>n.  It  la  alio  called  Cmbisiie. 
See  Vol.  I-,  Falaritalim  of  ligla, 
p.  39, 
ANALYSIS  ii  the  teparatioa  of  tbe  purU 
of  ■  compound,  Kia*  I 


melti        oTteQ  teMcQated  witb  thkk  Mfahc  lne< 


■  vhite  loilk;  colour,  but  ii 
vided  portiom  it  ig  uiuallv  tn 
ThU  mineral  !■  found  in  Ifae  ir 
of  Uto,   in  Sndennaju*,   a  proviDM   of 
Svedsn. 


ihem  »p»rt.    SYNTHESIS  i>  the  op-    AVPARENT  TIME.— Bm  TIm. 


,  lignifying  the  inmpoiitionof  psru 
into  one  whole. 
ANAMORPHOSIS  (Oreek  ivui,  again,  and 
■norpitMii,  a  farm)  ii  a  diitorted  repre- 
•entation  of  an  object ;  but  which  ia  to 
made  ii  to  appear  io  iU  proper  tbipe  by 
Tiewini  It  in  a  parti coiardirecllDn,  or 
through  a  panictilu  medium.  The  figure 
la  alio  realored,  in  aoroe  cuea,  by  earning 
anuDorphoiia  to   be    reflected  from 


'ilh  c 


QUA  FOHTIS._Se«^ 

AQUEOUS  VAPOUR,  the  n^oor  of 
water. —See  Fa^ur. 

ARC  OF  A  CIRCLE.— See  Jugk. 

AREA.  The  Roman  area  wai  a  thnahiag 
floor,  but  the  ward  ii  lued  by  gvooie- 
trioiuu  to  denote  any  Borfioe  of  a  dMcp- 
minaMBxtent.  TbiaaxlentitaKertaiiwd 
lij  calculating  how  many  tims  lai^er  tbe 
■urface  i>  than  that  of  another  amaller 
turface  of  Che  itie  of  irtiicfa  we  hare  an 
idea,  luch  as  a  aqtiaje  inch,  a  aqiuie  fbiK, 
Ac,  which  WB  uae  aa  nM^Scio/  ■ 


ANGLES  of  £u<<lni»,  of  AvIm^H,  and  of    ARITHMETICAL   PBOQBKSSION.- 


i>rair^A(— See  Olora.  I.  fui 

reapeotifety. 
ANHYDROUS.— See  Hfdrale,  Olon.  T. 
ANIMAL   ELECTRICITY — See  Galva- 

ANNEALINO  OF  HETALS  coniiitM  in 
making  them  red  hot,  and  then  letting 
them  cool  gradually,  in  order  to  raalore 
their  malleability,  whidi  they  are  apt  to 
lose  under  the  operation  of  hammering. 
The  ^HHfoimg  of  g/aa  it  conducted  ia 
the  aame  manner,  aud  Is  necessary  to  ita 
perfection;  fur,  otherwise,  it  would  be 
apt  to  By  iatn  plecca  by  the  slightest 
icratcli. — See  Rvperl'i  dmp: 

ANTECEDENTS.— See  BaHo. 

APHfUON  ia  thnt  point  of  the  orbit  of  a 
planet  in  which  it  in  farthest  from  the 
eun  (Qreek  helio;  the  tun) ;  and  the 
PerAtUan  it  the  point  of  the  planei'a  near- 
est approach. 

APLANATIC  (Greek  a  privative,  and 
plant,  error)  aignifies  free  from  error. 
The  term  is  applied  to  those  optical  in- 
atrumenis  in  which  tbe  Rphericiil  aberra- 
tion  is  completely  correcled^-Soe  Aber- 
mtlen.  Sphiriml,  in  GloH.  1. 

APOGEE  (Greek  eja,  from,  and  s«,  the 
earlb){i  that  pointof  the  moon's  orbit  in 
which  she  i«  at  the  grrateat  distance  (  and 
the  Perigee  ii  that  point  in  which  she  la 
neereei  to  tbe  earth.  At  the  ti 
the  earth  was  regarded  as  the 
the  system,  the  teraiB  apc^ee  si 
were  applicable  to  tlie  places  of  all  Qie 
planets,  and  also  to  the  sun,  with  respect 
to  their  variable  disianoes  From  the  earth  j 
but  now  they  refer  only  to  the  moon. 
What  was  then  called  the  Bun's  Apsgn  ia 
now  the  earth's  ApktUm,  and  the  Peri- 
gte  of  the  former  has  become  the  Ptri- 
htlien  of  the  latter.— See  Aphelion. 

APOPHYLLITE,or  FISH-BY&STONE 
ia  a  scarce  mineral,  baviaK  a  pearly  lustra 

Uka  to  t'-  -"..r— 


See  Pm^rcauH  Arilkmtlitai 
AKRAGONITE,  on  impure  ipwiea  of  «Kr 
bonale  of  lime,  brought  from  Arrugon  ii 


ASVMPTOTESOFAN  HVPERBOI^. 

—See  Cnnie  Seetiaai  in  Gkiu.  I. 
ATUOSPHERE.— See  OkMi.  L 
ATMOSPHEBES.  One,tvo,thrM,A«^ 
See  Gloss.  L 

SEPRACnON  OF. 

The  atmosphere,  which  thus  lumnnda 
the  earth  like  a  sbell,  is  more  dense  than 
the  medium  (whether  elliereal  or  a  Tacit- 
um)  that  iatervoBet  between  it  and  tbe 
celeetial  bodies ;  and,  consequently,  the 
rays  of  light  are  refracted  when  eiiterifi(r 
this  shell.  This  refraction  varies  with 
the  density  of  the  abnosphere,  and  tito 
with  the  direction  in  which  the  niya 
enter.  The  aXmotpbere  gradually  in- 
creaiet  in  density  from  the  hif^er  to  the 
lower  strata ;  and,  therefore,  a  ray  of 
light  will  be  more  and  more  refracted  in 
its  passage  to  the  earth's  lurfoiCc,  so  aa  to 
descend  in  a  curve  Vine.  Tbe  curve,  tou, 
Toriet  with  the  direction  of  the  ray ;  that 
coDiing  from  the  leailh  alone  being  a 
straight  line, 
when  ATOM.— See  Mafecuie. 
irajf  ATTENUATION.— See -ffcofai 
terms  apc«ee  and  perigee    ATTRACTION  IN  aENEKAL,CAPII» 


-uaonetic-Sm  a 


AXINITB,  a  minenJ  oommonlj  found  in 
crystals  ot  ibur-iided  prisms,  so  Oaitaued 
that  some  of  ita  edges  become  thin  ami 
sharp ;   and  faenca   its  name  Iram   tke 


LA,'  •>  com,  Ac.-aM  O 
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AXIS  OF  EEFRACTION^^M  Jfe/nM- 

(I'ee  PiMer. 

OF  A  MAGNET.— See  MogiKtim. 

AZmUTB.— See  HoriMon. 

C0.11PASS.— Seetforiion. 

AZOTE,  or    AZOTIC   OAS,   (Greek  b 

privative,  Mid  not  life,]  to  collBd  bscuiui 
if  ioheled  atoag  it  voold  be  in^inlly  de- 
structive of  life,  is  combiEied  vVOx  oxygen 
in  tLe  atmoaphere,  of  which  it  ooiutitutei 
■erentf-threeiiu'Ci  ID  the  hundred.  This 
EU  ii  also  called  Nilregen,  because  it  is 
believed  to  be  the  lusii  of  NUrio  add  or 
^giia  Ferlii. 

BALANCE — See  Gla».  I 

BAROHETKR.— Sea  Gloss.  I, 

BASIL  LEATHER,  tanned  ibeepskln. 

BATTERY.  ELKCTHICAL See  Itgdat 

Phial. 

,  VOLTAIC.  —  See    GoAaiiic 

Grdt. 

BERYL.— See  Emerald. 

BLACK-LEAD.— See  drim. 

BODY  is  any  detenainaie  ponioD  of  mallar 
which  may  act,  or  be  Mted  upon,  by  other 

BOILIKO.— See  OIom.  I. 
BOILING-POINT,— See  Glon.  I. 
BURNING  GLASS.— See  Gloss.  I. 
CAlRNOORM.— See  QaarlM. 

CALAMINE,  an  ore  of  zinc 
CALCAKEOUS  SI  AR.— See  Gloo.  L 
CALORIC,    latent,    >ped£c,    &£.  —  See 


mm  casu/cAnuo  and  lalnpAa  tlailica  of 
the  former;  and  the  Vrerola  riailica  of 
the  latter.  In  some  pans  of  thoie  coun- 
tries boot*  and  alioes  are  made  of  that 

CAPACITY  FOR  HEAT.— 8ee  Gloii.  I. 

CAPILLARY  TUBE.— See  Gloss.  I. 

ATTRACTION.   —   Sea 

GImi.  t. 

CARBON  is  (be  chetniol  name  for  dar- 

,  cvnt,  pupposing  it  to  be  pure ;  but  pure 
carbon  is  understood  to  exist  ooly  in  the 
diamoad.  Charceai  (the  carbon  of  the 
arts)  is  the  ooair  residuum  of  vegetable 
Sabstancei  which  have  been  burnt  In 
close  vessels,  and  is  an  eiidt  of  earhm. 
Carbon  unites  readily  with  oxygeu,  form- 
ing a  gas  called  Carbotua  Acid.  It  is  this 
which  is  produced  bf  the  vinwi  fmnnt- 
tatioH.  The  nnioD  of  chit  add  with  al- 
kalies, and  alkalioe  nibstances,  or  with 
■netals,  forms  irhal  are  called  CarhBHala ; 
An*  we  have  CariomUe  af  Polaih,  Car. 
ionate  of  Lime,  Cariaale  ef  Irtn,  &«. 
Carbon  enters  into  direct  combination 
with  inm.  Nine  parts  carbon  to  one  of 
iron  is  Carbtnl  af  Iron  ;  what  has  acro- 
neouil;  been  called  Plumtaga  or  Btaet- 
H  2 


Iea4.  In  tb«  proortion  of  abMt  K  faty 
fifth  of  the  weight  of  the  Iron  it  faims 
.  Qut-inm.  Sletl  is  a  oombinatiun  of  aboat 
one  part  of  carbon  to  two  hundred  of 
iron.  This  uoioa  of  carboa  a>d  irnu  is 
called  CariaaiMaliomt  and  to  rfecorismM 
the  cast-iron,  or  steel,  is  lo  drive  off  its 
carbon,  in  the  taem  of  Cartanie  .deid  G«s. 
Iron  it  said  to  be  Caie-hardtmed  when  its 
outer  lorface  i«  converted  Into  steel.— See 

CASK-HARDENIKG.-See  Gvfcx. 
CAST-IKON.— See  Cbri«. 
CATOPTRICS,  that  part  of  the  sdance  of 

optic*  which  treats  of   the  reflexion  of 

light. 
CENTIMETRE,— See  Metrt. 
CENTRE  OF  GRAVITY.— Sea  Groette. 
OF  GYRATION.  — Soe  C^ii- 


-  OF  PBRCUSSION.— ; 


s  Pt- 


OF  PRESSURE.— Sob  iV(sn«. 

CENTRIFUGAL  FOSCE_See  Gloss.  I. 

CENTRIPETAL  FORCE  is  that  for** 
which  draw*  a  body  towards  a  oantia, 
and  thereby  acts  as  a  counterpoise  to 
the  centrifugal  force  in  diciilar  motion. 
Gravity  is  a  centrlpelat  force,  preventing 
the  plsiiets  from  ^ng  off  in.  a  tangent, 
as  the  stone  does  from  the  sUng- 

CHARCOAL.— See  CWim. 

CHEMICAL  ATTRACTION,  CHEMI. 
GAL  AFFINITY,  AND  KLECTIVB 
ATTRACrlON  are  differtnt  namca  for 
that  unaocounted-foc  action  by  wlilch  the 
particles  of  one  das*  of  bodiea,  when  pre- 
sented to  thme  of  certain  other  Hiiiine. 
conjoin  lo  form  new  compounds,  making, 
apparently,  a  choice  or  election,  of  thOM 
with  which  they  unite- 

CHEMICAL  COMBINATION  U  that 
intimate  union  of  two  iubstances,  whether 
fluid  or  solid,  which  foims  a  compound, 
differing  In  one  or  more  of  it*  etientlal 
qualities  from  either  of  Che  GOnjiUuent 
bodfes. 

CHORD  OF  AN  ASa-^See  Angk. 

CHROMATICS  (ft'om  the  Greek  cirmwi, 
coiour)  Is  that  d)TisioD  of  the  tcdejui*  of 
optica  which  treats  of  the  ooloun  of  light, 
■everal  properties,  and  the  laws  by 


CIRCLE    OF  GYRATION— Sea   Offa- 

CraCUHFERENCE.— See  Pvimtler. 
COHESION^-See  Gloss.  I. 

— ,   ATTRACTION   OF.  — to 

Gloss.  L 
COLOUR— .See  Glots.  I. 
COLOURS,  PRIMARY.-See  Glow.  T. 
COMBINATION   OF    BODIES.- Sei 

CAemical  Ctmlnitalim. 
COMMENSURABILITY^-Sea  BaOo. 
COMPASS,  AZIMUTH— See  BoriMon. 
,  MAEIN£B'S.-See  Usruw^ 
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COMPASS,  VABUTIOH  OF.- 
COMPOSITION    or    F0BCE8.  — Sm 

COKPRESSIBILmr.— See  GIne.  t. 

CONCAVE  MIKBOBS_See  Mimn, 

LKNSKS.— See  Uiaa. 

CONDENSATION.— See  GtoM.  I. 

CONDUCTOBS    OF    CALORIC  — See 
Okin.1. 

— IN  KLECTRICnr.    If 

abad7be«wr-HiOF 

fluid,  Uut  fluid  Kill  ende 

iRUtoiber  bodic*;  or,  if  i  — , 

the  bodf  will  Minct  tike  fluid  from  other 
bodlc*.  If  the  pudtiKljp,  or  oegetiTelr, 
doctrifitd  bodv  be  nirraunded  bj  other 
faodiei  (hron^  which  the  fluid  cumot 
pBM,  i(  ii  aid  to  be  iaBJiaed,—te  be  i> 
ft  itAtfl  of  iiuulatitnt ;  uid  pibttanciee 
which  tbui  oppoee  tlui  agren  or  ingrcM 
of  the  fluid  are  uid  to  be  Nam  camibiirlim. 
Thoee  through  which  the  pmige  ii  oa- 


powv    at    the    edler    imjt,     eee     <^tia, 
D&CARTES'S   OVALS.— Sea  Owmii  if 


DIAGONAL,  in  g 

line,  drmwD.  through  ■  ugnjv  fnnn  me 
oomer  to  enodier.     A  foar-aidad   figure 


pening  tlmiigfa  the  centic, 
itiiigMliath  endi  br  th«  d 


CONE^-SeeOloM.:. 

CONJUQATB  DIAMETERSL-See  fdom. 
1.  in  CWie  Stttiutt, 

HYPERBOLAS.  —  See 

Glon.  I.  in  Owe  &i*tM>. 

CONOID.— See  Olou.  L 

CONSECUTIVE  POLES.— See  MffMl. 

CONSEQUKNTS^-See  Slit. 

CONVEKGINQ  RAYS.— See  MtmHum. 

CONVEX  LENSES  AND  HIRROKS.— 
See  Lauu  end  Mirrtrt. 

CORUNDUM.— See  Glon.  L 

CRYSTALLIZATION.— See  GloM.  I. 

C[JBIZtTK_Sae  Aoaldmt. 

CURVE  AND  CURVATURE.  —  See 
Olon.!. 

CURVES,  EVOLUTES,  AND  INVO- 
LUTES.—See  QIUB.  I. 

,  EQUATION  OF^-See  Glow.  L 

,  UAGNETIC— See  Magnttum. 

CURVILINEAL^-See  Glon.  1. 

CTANOHETBR,  en  iaiCniment  inrmt- 
ed  bf  Seaaure,  for  oomperiiig  the  dif- 
ftrent  ihada  of  blue,  of  which  ■  good  de- 
•cription  iigiroD  in  Osttn,  pp.  66,  68. 

CYCLOID.— See  Gbu.  L 

CYLINDER.— See  Glm.  I. 

D-ALEHBERT'S    PRINCIPLE.  —  See 


DIAUBTERS,  TRANSVERSE  AXD 
CONJUGATE.     SeeCfmKSrrJitmt. 

DIAPHANOUS  (from  the  Orwk  *a, 
through,  and  piUiiu,  to  ihioe)  b  UiM 
qnalit;  of  a  nbttaim  which  allawi  a  pu- 
■age  to  the  raji  »f  light.     TrmMMtmemt  a 

port.  Tim^tmrrml  riaea  abovo  iraimUorml, 
b;  admitting  notonly  the  pKoege  of  light, 
but  the  TJeioo  of  outward  objects.     &w>- 


toexprte*  weaker  degree* 


lionallT  wiitlei 
of  thoae  qualitii 

DIFFRACTION,  or  INFLEXION  OF 
LIGHT.  ligfat,  whea  it  maeU  widi  M 
obataele,  pnicndi  in  itraight  liaea;  hue 
if  it  be  made  to  pan  by  the  bauadBria*  tf 
an  opaque  body,  it  it  turned  from  it*  rec- 
tiiioeal  eourae,  which  deviation  ia  tenairf 
itiffnictiom,  or  inJkxittL.  Soe  JVcwmn'i 
G^to,  p.  10. 

DIGESTER,  a  ttrong  Tend  of  irat  or 
other  metal,  having  a  acrewsd-dowa  aad 
air-tight  lid,  into  wbidi  animal  or  other 
■ubMenoa*  are  indo*ed  immiiwJ  in  wa- 
ter, and  Hibmitted  to  a  highn  dogree  it 
heat  than  oould  be  bad  in  open  Teaeh, 
whereby  the  eolreut  power  aC  th«  water  a 


FraicMe,S 
DEAD  LEV 


DEAD  LEVBL^-See  UrtL 

DECA118TRB.— See  Miirt. 

DBCARBONIZATION.— See  Carten. 

DECIHETSE.~See  Mtirt. 

DEOREESANDHINUTES^-See^wAv 

DBNSmr  (Latin  tifatilat,  cloeenen)  i*  a 
^  wlertra  term,  and  denotei  the  oompara- 
tlra  quantity  of  matter  in  different  bo- 
ilai,whidii*contained  in  the  ume  apaoo 
(eee  Falitme).  Qraricy  ii  underiUMd  to 
•ot  in  proportion  to  the  relative  quantity 
of  the  matter  erf' bodia;  and,  hence,  tha 
qiadfic  gravitiea  of  bodie*  are  preiDmed 
tobp  the  meann  of  their  deniitin^— fie* 


ongiually  iovenEed)  ai 

DIOPTRICS  i*  that  diviiion  of  tha  «E>eBa 
of  optita  which  treita  ol  the  i«£ra«iiM  tf 


DIPPING  NEEDLE,  a  it 
poteed  to  ai  to  more  freely  in  a  *ei  tkal 
direotioD,  point*  dominard,  or  dipa,  leu 
or  more,  toward*  the  earth  ;  exoept  it  t* 
■itnated  on  tome  pan  of  a  line  which 
■orround*  the  globe,  and  i*  eallad  the 
maffnelie  egumltr.  On  thi*  line  the  i>e«dle 
reBkain*  horiiontaL  Thi*  equator,  which 
inlerieet*  the  geogr^bical  equator  at  aa 
an^  of  about  twdre  degims,  ha*  itt 
•ufaetic  ptlei  at  a  than  diiCanoe  from  tha 
true  pole*  of  Ihe  earth. 

DIRECT  PROPORTION,  or  DIRECT 
RATIO.— Sea  Ratia. 

DIRECTION,    LINE    OF.— Sm    FWtn, 
JimrfMi  o/. 

DIRECTIVE  FORCE,  in  magoetifBt,  k 

,  tha  tendency  in  one  nugMM  to  sMOBM  ■ 
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particalaT  podtion  with  rcUtiou  to  >no- 
tluir  inwnet. 

DIRECTBIX  OF  A  PARABOLA.-^ 
8m  Omio  Sirliau. 

DISTILI.ATION  ia  a  proccu  by  which  s 
fluid,  or  portion  di  >  liquid,  ia  convBrtad 
tnto  ripoixr  bf  meaoa  of  beat ;  and  tLu 
vapour  retunied  into  a  liquid  itatA  bjr 
Guld,  or,  ai  lome  uy,  by  the  abitraetloQ 
of  caloric  Diaiilialion  ji  naporafina, 
that  ii.  railing  a  liquid  to  tia  itats  of 
vapour ;  but  tbe  latter  term  doet  not 
include  the  idea  of  preterriDg  that  vapour 


I  Mparata  mixed  liquidi,  where  the 
noun  of  one  riaei  at  a  lower  beat  than 
the  other;  or  to  free  a  limple  liquid  from 
dregt  or  impuriciei.  In  the  diatillatton 
of  vinen*  liquors,  alcohol  u  produced, 
which  boila  at  ■  much  lower  heat  than 
water;  liut  it  ii  not  yet  perfectly  aicer- 
tained  whether  thia  alcohcd  eiiited  readf 
formed  in  the  liquor,  or  owea  it>  forma- 
tion to  a  chemical  action  during  the  pro- 
ee«a.  The  gmuer  liquor  remaining  in 
the  atill,  afMr  the  tpiril  ii  all  eitbaatted, 
ii  called  iptHi  muA,  and  ii  food  for  hoga. 
DTVEROma  RAYS  (of  Ught)  are  the 
oppoaita  of  amverfoig  (which  aee).  They 
aeparate  ia  their  progren  further  and 
fonhar  amndar,  aa  the  radii  of  a  dide  do 

DODECAHEDRON.— Sw  lUomiia. 
DOOUATISM.— Sea  Smpiriad. 
DOUBLE  REFRACTION.— See  Jbfivf 

DUPLICATE  RATIO.— flee  Salia,  Om- 

DYNAJdICS  (Greek,  rfyiwnu,  force)  I* 
that  divlaimi  uf  the  adence  of  mechaniei 
which  ooniidera  bodiei  ai  acted  upou  by 
fbroe*  that  are  not  fs  tgitiJiiriir.  It, 
therefore,  treau  of  bodie*  in  motion. — See 


fpng  » 

ment  M  contnired  ai  to  measure,  wiui 

accuracy,  the  magnifying  powera  of  mi- 

Oroecopei  and  telocopei.     It  ia  deicribed 

at  page  1 1  of  the  treatiie  on  Opticol  lit- 

itntmnU. 

EBULLITION.— .See  BaRt^. 

ELASTICITY  (from  a  Greek  word  aigni. 
fying  to  path,  or  drive  back)  ia  that  qua- 
lity of  a  ubilanoe,  whether  xdid  or  fluid, 
by  whirh,  when  coDipreard,  or  when 
fombly  expanded,  it  endei 


DcemiiiK 
leOreak 


toact.  If  the  expe- 
riment be  made  in  the  dark,  iparha  of 
light  will  be  obierred,  paiaing  between 
the  light  bodiea  and  the  amber.  Olau 
and  aeveral  other  aubataoces  haTa  limilor 
propertiea  ;  and  the  collection  of  pheno- 
mena whidihave  been  ob«er>ed  concern  in| 
than  ii  called  cfecnictfjp,  froiD  tl 
tleeiroit,  amber.  Bodiei  that  ara  capaua 
of  being  endowed  with  thii  power  el 
attraction  and  repnlaion  and  the  emiasoB 
of  light  are  termed  tleclriei.  Theyare  add 
tu  be  raeiled  by  the  friction  ;  and  a  mp 
ehine  contriTed  to  produce  tbia  extilaliau 
in  an  eaay  and  rapid  manner,  hy  meana 
of  a  (Mculiarly-conatructed  cuJUoa,  called 
a  nibbtr,  ii  an  tliclrical  nackiia.  Bodle* 
that  are  not  exdtable  by  luch  meani  are 

ELECTRIC  '  FLUID.  In  order  to  ac- 
count for  the  Tariou*  phenomena  of  aleo> 
tndty,  it  hai  been  luppoaed  tiiat  there  ia 
a  anbtile  fluid,  idendial  with  lightning, 
which  perradei  the  poiea  of  all  bodiei, 
and  ia  capable  of  motion  from  one  body 
to  another.  When  the  natural  quantity 
belonging  to  a  particular  body  (then  aaid 
to  be  laiaraled)  la  increaned,  that  body  i* 
aaid  lo  be  pmitieelji  tleclrifieil i  and,  when 
that  quantity  ia  dimitiiahed,  it  ii  nrgi^ 
tirelf  (leclrififil.  Theee  two  tiale*  hare 
abo  been  a^led  flta  and  ni'iuu  rltelriaty; 
and  the  former  being  obtained  from  glut* 
and  the  latter  from  talmg^Bax,  the  two 
are  aometime*  diatinguiihed  by  the  terma 

ELECTRICITY,   ANUlAL^lsee   Qs/< 

■' — . ,  VOLTAIC— Sea  GW. 

,  POSITIVE  AND  NB- 

OATIVE.- Sea  ElcctHo  Fhiid. 

,  RESINOUS  AND  VI- 
TREOUS.—See  £/rclnc  Fldd. 


[ifom: 


r  bulk. 


ELECTRICITY,  If  a  dry  piece  of  amber 
be  rubbed  by  the  hand,  it  will  uqnire  the 
property  of  altematdy  attracting  and  ra- 
palling  light  hodifa,  auch  ai  bit*  of  atraw, 
paper,  or  fMthen.  Thi«  power  eontinnea 
ctaj  fee  •  abort  tioie,  when  it  beconiM 


ELECTRICS  AND  NON- ELECTRICS. 
—See  Eliatriatv. 

ELECTRICAL  BATTERY.— See  £<T>i» 
Pkial. 

ELECTRO -MAGNETISM  ia  a  aeienca 
which  oomprebenda  the  phenomena  ahew. 
ing  the  oanoexion  between  Electridcy 
and  Magnetiam. 

£LECTR0MET£R,  an  initntment  nvxl 
for  aacertaining  die  quantity  and  quality 
of  the  electricity  in  an  electrified  body. — 
See  Indtt. 

ELECTROSCOPE,  an  inttmment  for  ex- 
hihitingthe  attractireand  repuUive  agen- 
ciea  of  electridty. — See  Iitdtti. 

ELIXIR  VIT£._See  Akktm,. 

ELLIPSIS— See  Ome  imd  Came  Stetitm. 

ELLIPSOID.— See  Qmoidmi  SpAenid. 

EMERALD.  The  emerald  ia  ranked 
among  the  genu,  and  la  now  found  only 
in  Peru.  It  ii  <^  a  green  colour,  rather 
harder  than  quarti,  and  alwan  In  wra* 
tela,  which  are  tranihicant  and  geoarujr 
tnniparent.     WbM  U   nIM  «M»      , 
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tmenJJ  ii  ■  gretn  nppUn.  Hie  ttrfl  ii 
ft  ruistf  of  the  emenild,  of  a  piJer  green, 
fraqaently  psuing  into  blue,  and  ii  mnch 
leu  priied.  It  !•  fonnd  in  Tarioui  coun- 
trio,  xnnetimo  in  ScMlmd.  The  tme- 
rofrf  of  Sra»iii%  >  ttunnaline,  iHuch  aee. 
lUPIRICAL  (Qntk  en,  >nd  ptirrn,  I  trjr) 
deognawt  any  auertion  or  ict  which  la 
made  or  done  w  an  eiperimcQt,  indepen- 
dmtlj-of  hfpoihesii  or  theoty.  7%e  term 
fi  generally  used  in  ■  bid  mdmj  eapedallf 
tn  the  tdence  of  medidna,  In  whicli 


■»  "F""" 


t.  The 


empiric  {>  mppoied  to  «et  np  hig 
•hort-liTed  eiparience  to  the  collected 
knoitiedffe  of  agei,  whicli  in  undeniood  to 
guide  the  r^iliic  practltloDer  ;  and 
vhi[^  the  empiric,  in  lili  turn,  viliSn  by 
the  name  of  dagmatismi,  a  Greek  deriva- 
tive, denoting  a  fixed  and  potitire  opinion. 

EQUATION  or  A  CURVE_See  Corns 
Sectiant. 

EQITAToa,  MAONETIC^See  Dtppimg 
Needle. 

EQUILIBRIUM.  When  tiro  or  more 
tbnet,  acting  upon  a  body,  are  to  nppoted 
to  esch  other  chat  the  bodT  tsmalDi  at 
Teat,  although  either  would  move  it  if 
acting  alone,  ihoie  force*  are  toid  to  be 
u  egnilibnf,  vhich  li  a  Idtia  term  ligni- 
fying  npuxVa  batanctii, 

ERIOMBTKl,  an  instrument,  invented  by 
Ur.  Tonng,  for  the  purpose  of  meamrfug 
the  dtameten  of  minute  flbrei.  It  fa  de- 
Bcribed  inihe  ttntiMonOplH3,pp.37,38. 

ETHER.— See  Air,  BlArrraJ. 

(in  diemiatry)  Ii  the  name  of  an 
extremely  volatile  liquid,  formed  by  the 
dtilillacion  of  aome  one  of  the  adds  with 
alcohol.  There  are,  of  coune,  aeveral 
modet  of  production,  according  to  the 
add  employed  j  as  Mfrie  tIAer,  latphirie 
ctAer,  Ac.)  but,  when  well  rectified,  the 
ether  ia  tlie  Huae  whatever  add  haa  been 


EVAPORATION  ii  the  convcnion  of 
water  or  other  liquida  Into  vapour  or 
■team,  which  become]  diatlpaled  ia  Che 
stmoaphere  in  the  manner  ufsn  eleatio 
fluid.  When  the  evaporation  ia  iponta- 
neoua,  tliat  ia,  at  an  ordinary  tempera. 
tnre  of  the  atmoapheie,  and  withotit  arti- 
ficial heat,  it  is  commonly  called  takaia- 
Hm,  whereaa  evaporation  la  often  under- 
■tood  Co  be  producad  artificially,  and  pre. 
ceded  by  hcHing. — See  Bniing,  Steam, 
end  Vapetir. 

BVOLUTE  OF  A  ClTRVK.— See  Cwwi. 

ECCENTRICITY.    The  distance  between 


la  in  this  way  that  we  apeak  oF  the  i .  . 
/n'ctty  of  the  orblca  of  the  planeca  which 
Bi«  inPFMed  to  move  in  eltlpHa. 


EXHAUSTED  BBCKtV^— 8m  n» 

KXPAjreiBItriT — Bee  Gkne.  L 

FAHRENHEIT'S  THERHOHSTER.- 
SeeGIonl. 

FELDSPAR — See  alon.  I. 

FIRIJT,  or  PRIME  MOPES,  in  mccha. 
nics See  MaiAmt. 

FIXED  ALKALIES.— See  JUaH. 

FLUID,  ELECTRIC— See  EUetrK  Fluid 

,    MAGNETIC.  —  See     itf<if»(K 

Fluid. 

FLUIDITT.— See  Won.  r. 

FLUIDS,  ELASTIC,  KON-BLASTIC, 
Ac.— See  OioM.  I. 

FLY.WBEEL.— See  Otoes.L 

FOCUS.— See  OIoM,  I. 

REFRACTED  AND   OEOMB. 

TRICAL.  The  pMnt  in  which  Iheran 
of  light  (according  to  their  known  lam) 
ought  to  be  concentrated,  when  lefliclcd 
fmn  a  emcave  mirror,  ot  refracted 
throu^  a  leiia,  is  termed  the  Gtawiflrical 
Foau;  thaC  in  vhldi  (hey  are  actually 
found  ia  the  Rtfrartei  Fkhm.  "Diae 
fbd  are  separated  (Mta  one  another  in 
proportion  to  the  decree  jof  ^faerinl 
aberration. 

FORCE.— See  Gloii.  I. 

CENTRIPUOAb.  — 6«B  Cnlri- 

AM 

'  CENTRIPETAL.  —  See  a**- 

ptial. 

DIRECTION  OP.— See  Okai-I. 

COMPOSITION.— See  Gtetl. 

ACCELERATION    OF.-See 

Amicntion. 

DIRECTIVE.— SeoJf,V«b,A' 

iiJiciaL 

FORMULA,  a  shint  general  form,  or  nit, 
easily  to  be  mnembered,  dl reeling  bo" 
certain  things  may  be  done.  Tfae  void 
fa  a  Latin  dimlniitiTe,  and  haa  often  tlia 
plural /orwu/a  in  place  atfinmlai. 

FREEZING-POINT  .—See  Gloaa.  L 

FRICTION.— See  GioM.  I. 

FRIOORIPIC— See  Glon,  L 

FULCRUM.— See  /jner  and  Bniaet. 

FUSION.— See  Gloaa.  1. 

GALVANISM,  so  named  after  lea  dino- 
verar,  Profeoor  Galvani  of  Bologvi, 
"  includei  all  those  electrical  pheiii>- 
mena,  arising  from  die  chemical  a^mcr 
of  certain  metali  wich  different  floidi*." 
VoltB  diacovered  the  meansof  muldplfing 
thoae  effect! :  hence  the  acianoe  has  abn 
been  called  FaUaiim  ;  and  (from  its  sctiiM 
on  the  mnicle*  of  animals  newly  UDcd) 
Amm^  Eledridlg. 

GALVANIC  CIRCLE.  If,  betveen  m 
plates  of  different  metals,  a  flnid  be  inte^ 
poaed  which  has  a  cheniJol  efi^  on 
one  of  the  metala,  and  little  or  none  no 
the  other;  and  if  ■  communication  be 
made  between  other  parCa  of  thsplsleii 
by  meant  of  a  conducting  aobstanee  (u  a 
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irire),  a  continued  oirreat  of  Electricity 
will  be  produced,  Ihrougfa  Ha  ccndiuitor, 
from  ona  plate  to  the  otber,  u  lonfr  u 
tlie  chemiol  action  is  exert^,  Thii  ii 
the  UDiple  GaJvanit  Cirde.  A  number 
of  liaiilkr  pun  of  pUtea,  placed  elter. 
HBtelf  witk  VI  HCtiDg  fluid  interraain^ 
betvecD  each,  and  the  tiro  ends  of  the 
lerie*  oonnected  by  a  wire,  multipliei  the 
«fl^  end  ia  called  a  Oatmniic,  ot  Foilmcy 
pUt.  For  the  conitruction  of  Buch  filti, 
and  of  fulltria  of  rarioui  forma,  tee 
Qalavum,  Chapten  II.  and  III.  The 
end  of  the  galianic  pile  which  givei  out 
the  electric  fluid  is  called  the  rwriliw 
polt,  and  the  other  end,  in  which  the 
wire  terminatei,  and  which  receivea  the 
electric  matter,  ii  called  the  ne^atat  pule 
of  thepile^ 

GALVANIC  PILE.-See  Gotevic  Cimk. 

OAS.— SeeGlou.1. 

GASEOUS  ugnifiee  that  the  luhiianoe 
■poken  of  haa  the  nature  of  gaa  {  and 
thu*  ^OMOM  jlnib  are  diitinguiihed  from 
other  fluidt. 

GAS,  AZOTIO— See  Jiole. 

CARBONIC  ACID^See  Cartea. 

-  HTDROOEN.— 8ee  Oxfgra. 


'iththat  fluid,  illver  is  lOJt  ai 
21.4 :  that  is,  equal  bulks  of  waterj  stlTer 
and  platioB,  would  hare  weighca  ia  iheia 
proportions.  In  dcBignating  the  ipedfio 
eiBvitiea  of  gases,  the  standard,  or  unity, 

ORAVITr,  LINE  'of  DIEKCTION  OF, 
ia  that  right  line  which  paasn  through 
the  centre  of  eiarity  of  a  body  in  a  direo- 
tion  towarda  the  centre  of  the  earth. 

GYRATION  (Latin  jyr«,  a  circle)  ia 
the  action  of  turning  round  a  centre,  in 
the  maiuier  of  a  wheel. 

,  CENTRE  OF,  is  a  point  in 

a  rerolring  body,  into  which,  if  all  ila 
matter  could  be  collected,  it  would  cou 
linua  to  rerolve  with  the  same  enei^  a 
...v,-^  :..  parts  were  in  tlietr  original 


circle,    appearing    occaalonally 


NITROGEN — See  A»elt 

GEOMETRICAL  PROGRESS  ION.— See 

GLASS  DROPS.— See  Smtrl'i  Drepi. 

ANNEALING  OF.— See-ftoio^. 

CLAUBERlTB,-Seo  Gloss.  L 

GONIOMETER.- See  Gloia.  I. 

GOVERNOR.— See  Gloss.  I. 

GRAVITY.— See  Glosa.  L 

CENTRE  OF-    The  centre 

of  gravllj  of  a  solid  body  if  a  point  to 
situated  with  reiqtect  to  it,  that  if  cha 
body  could  be  auapended  from  Che  point 
in  question,  the  whole  body  would  r«niaiu 
at  rest  (with  respect  to  its  tendency  to 
the  earth)  in  whatever  tituacion  the 
surrounding  parts  may  be  turned.  Thns, 
the  centra  of  gravity  of  a  globe,  if  of 
unifoim  deuiity,  ia  iii  common  centre; 
and  that  of  a  balanced  beam  it  the  pivot 
on  which  it  turns.  See  this  further  illus- 
tracadinthe  PopH/ar /almiacrioni, pages 

'• RELATIVE    AND    SPEC!- 

FIC.  The  cnraparatiTe  or  relaCire  gra- 
Title)  of  different  bodies  townrdi  the 
earth  are  measured  by  a  general  alandaid 
called  KcigAl,  and  one  substance  is  said 
to  hare  a  greacer  ipccifiB  gratalg  than 
another,  when  a  less  portion  of  its  bulk 
U  of  equal  weight  to  that  other.  Thus, 
a  cubic  inch  of  platina  is  nearly  twice  the 
weight  of  a  cubic  inch  of  ailver ;  and, 
therefore,  is  said  to  hare  double  its  tptd- 
iic  gravity, — the  tptcific  grarity  of  platina, 
rtialirt  to  that  of  silTcr,  is  ai  two  to  one. 
In  this  mode  of  comparison,  the  grarities 
are  relative ;  but  a  standard  is  assumed 
with  which  both  may  be  oampared.  ITiat 
standard,  fcc  sotid*  and  lifuidt,  1«  water. 


pla.,. 
HALO,  ' 

circle,    appearing    i 
the  hearenly  bodies, 

especially  about  the  tun  and  moon." — 

Bee  ParMia. 
HARDNESS  ia  the  resistance  to  imptes- 

tloQ.     It  is  uTDinprruiii/r,  but  limited  to 

solida. — See  Compreuihilily. 
HEAT.— See  Ca/orie. 
,  CAPACirr  FOB.— See    Cahnc, 

CapacilM/or 

CONDUCTORS  OF.— See    Gm- 

LATENT.— See  Calaric,  laleiU. 

RADIATION  OF.— See  RadMm. 

—  SPECIFIC— See  Cn/orie,  Sptafic. 

HECATOMETRE— See  3ft(re. 

HELIX,  tbe  aclentiiic  name  for  a  gpiral. 

HERMETIC  SEAL.— See  GloM.  I. 

llEXAIIEnRON.— See  Rlavdiiu. 

HETEROGENEOUS.— See  Glosa.  I 

HOMOGENEOUS.— See  Glosa.  L 

HORIZON  ia  a  Greek  word  aignifyfalg  a 
boundary,  and  wis  employed  to  denote 
the  drcle  in  which  the  apparent  plane  of 


the  ej. 

the  sky.     Thii 


Dated  i. 


or  aitnmtumcal  Aoriiwi,  which  ia  parailk 
to  tiie  inuit/t,  but  ia  conceived  to  be  a 
plane  passing  through  the  centre  of  the 
earth  and  dividing  the  whole  ccleaiial 
■phere  into  the  upper  and  tower  hemi- 
spheiea.  That  the  ancients  believed  the 
earth  to  be  an  eilended  plain  1>  obvioua 
from  (he  worda  which  theyemployed  in  its 
description.  Theybelleved,too,that  itwaa 
longer  from  east  to  west  than  from  north 
to  south :  calling  the  former  it*  lengih 
and  the  latter  ita  brfodtA,  and  hence  we 
have  our  terma  longitude  and  iaiitudg. 
A  line  or  plane  !□,  or  parallel  to,  the  hori- 
lon,  is  AsnsHfaJ.  Planea  pasting  through 
the  aenilA  Tor  point  wUcb  is  lirecdy 
over  our  head)  and  the  centre  of  the  evtb 
are  called  verlica/  piaiui ;  and  the  cirdea 
In  the  heavena  marked  by  anch  planes  are 
ircrlicai  dmiei,  or  asiamlAi.    All  tbwn 


D„tiidD,Googlc 
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«  CQt  the  b 


tbrough   a  lUr   tbsC  the  alt'ttitje  of  Iha 

star  abore  the  horiun  u  HMUurad.  Tbe 
Tcrtical  drcls  which  paun  through  the 
place  of  thenin  at  iiO(ni,cuu  the  horiion 
at  the  north  and  uuthpinnti,  and  it  called 
the  tmridian  ot  the  place  where  it  it 
fuppoied  to  be  drawn.  Any  other  vertical 
plane  which  may  be  imagined  to  pea 
throu)[h  the  aun,  or  a  Mar,  when  not  in 
the  meridian,  will  make  an  angle  with 
the  plane  of  the  meridiau,  which  will  be 
meaiured  by  tha  poc^n  of  the  circle  of 
the  huriaon  which  it  cut*  olT  to  the  cut 
or  west  of  that  meridian,  lliia  angle,  or 
portion  of  the  drcla  of  the  horiion  la  tailed 
the  Atinulh  of  the  aim,  or  itar,  at  that 
time  and  place.  The  Magnelie  Mer^'o^ 
aa  pointed  out  by  the  Mari»er't  Compmi, 
diSen  from  the  true  (or  real  north  and 
aouth)  bj-  the  amount  of  the  Fariaiiai  t, 
ihr  Conpon,  and  10  does  the  apparent  or 
Magnttteai  Atimuih.  The  Amiutk  Cmt- 
pan  ii  constructed  go  aa  to  End  etail; 
the  magnctlcal  azimuth. — See  lUag^ttiim, 

Gget  6D,  68 — 72-  An  aich,  intercepted 
tween  the  eait  or  weat  point  of  the 
boriioii,  and  the  )Mrint(af  the aame drcla) 
of  the  riling  or  aetting  of  the  tun  or  of  a 
BCar.  on  any  particular  day,  ia  called  the 
Amplilmle  of  the  iun,  or  Itar,  for  that 
day.  The  distance!  of  the  points  of 
riling  or  aettinf;  from  the  eaatandweic, 
a>  ihown  by  the  oompaaa,  ii  the  Afagntii 
ml  Amfliliide. 

RVAClNTH^See  Sram. 

UVDS.\TES.    Cheiaical  compoondi,  par- 


INDIAN  RI)BBSR.-See 
INDCCTION,  in  philosophy,  ii  tha  ct- 

titnde  of  obiemtioni  on  any  parricalir 
anlqect,  and  drawing  conchiaiom  froB 
an  eraminadon  and  general  nmj  of 
the  whole.  It  ia  the  oppodte  of  fiffn- 
fii^,  which  ii  ta  lay  down  a  tbeny  ■ 
the  outlet,  and  tmiting  to  fature  eipol- 
Dwnta,  or  example,  for  ita  proof. 

. IN  ELECTEICITT  k  ifaat 

effect  of  an  auulaled  electiiBed  body  vhidi 
tcnda  to  produce  an  oppoiite  dectricMait 
In  neighbouring  bodiea. 

IN  HAGNETISH  it  anA- 

gmii  to  eleanric  indnctiini ;  (br  illaUi*' 
tlons  of  which  lee  Magialutt,  page  4. 

INERTIA Sea  Fiibtertia. 

INFLAMMABLE  AlK—Sae  Omoi. 

INFLEXION  OF  LIGHT.— See  O^ 
run. 

INSULATION.— 3ee  Gloas.  I. 

INVERSE  PROPORTION,  wEATIO.- 
See  Raiia. 

INVOLUTE  OFA  CURVE.— See  On* 

IRON,  CARBURET  OF.— See  {Mw. 

ISOCHROMATIC,  &c~-S«  Oloaa.  L 

ISODI'NAMIC,  hariiig  equal  powir. 

JARGON.— See  Ziroom. 

LATENT  HEAT.— See  Cchric. 

LAW  OF  THE  SINES.— See  A^^itfM 

LENS  POLYZONAL^-See  IVpml. 
LEVEL.-See  Oloai.  t. 
LEUCOCYOLITE,  a  nameginntoin 

riety  of  ApopAfUilt,  which  lee. 
LEVER  (LaUn  Inart,  and  French  fnr, 


» lin,  o 


H^r,« 


Ifwi 


>h:  a  GnA 
nil  haul  imltr. 
.wning  water 


they  are  laid  i 
compound  which  signil 

HYDROUS,  watery,  or 
in  iti  compoaicion. 

HYDROGEN,— See  Oijifn.. 

B  VOKOMETER,  an  instmment,  of  «ycli 
there  are  varlout  forma  of  conitruc- 
tiun,  for  meaanring  the  relatire  degree 
of  moiitnre  which  exiata,  at  any  par- 
ticular time  and    place,  in  the  atmu- 

HYPERBOLA.— See  CMr.and  Come  So- 

HYPERBOLOID.— See  Conoid. 
HYPOTHESIS.— See  Au^wtfiin. 
ICELAND  SPAR.— See  Caltarmu  Spar, 

and  Spar. 
ICOSAHEDRON.— See  Rhmiiu. 
IDOCRASE,  a  name  sometimea  giren  la 

feiHvian,  which  lee. 
IMPENETRABILITT^See  Gloss.  I. 
IMPULSE.- See  Gloss.  I. 
INCIDENCE,  POINT  OF.— See  Oloaa.  L 
INCOMMENSURABLE— See  Ralio. 
INSTRUMENT.— See  MarAiar. 
INDEX   OF    aEFRACTION^-See  Be 


powers.  It  ii  an  Inflexible  bar,  lappal^ 
and  moreable  in  one  point  of  in  ^"^ 
on  a  pif ot,  or  prop,  called  the  fJaim. 
One  end  of  the  lerer  ii  applied  U  ibi 
wdght  to  be  raiaed,  while  a  force  &  if 
ylied  to  the  other  end.  The  power^ 
thii instrument  depends  on  tbepropntisa 
between  the  lengths  of  the  pans  iX  ^ 
lerer  on  each  side  of  Otr  fmlenm^-^ 


LEYDEN  PHJAL.  The  Leydnt  PM." 
Lei/dfn  Jar,  t^to  railed  became  it  was  int 
constructed  in  that  dty,)  is  a  cyiindnol 
glaiis  vesset,  coaled  to  a  certain  be^lUi 
fniide  and  ouuide,  with  stroe  modnnioi 
aubatance,  which  is  capable  of  bou 
charged  with  electrical  fluid,  aMumuliifd 
for  Tariotu  eiperimenta.  A  combimtii* 
of  such  phiala  ii  an  tUtlrieat  itIUrj. 
See  those  words  in  the  Index  lor  mMt 


LIGHT,  RAYS  OF  REFLEXION  OF, 
Ac.— See  Gloss.  I. 

LIGNUM  NEPHRITICUM  {I*tio  4r- 
nut,  wood,  and  Greek  tKplvtt,  a  kid- 
ney) is  B  tritlcr  tasted  wood,  so  calU 
beauiM  U  wa»  once  bdiarcd  w  b«  •  M<* 


iiized  by  Google 
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nlgn  noMdy  In  ntpirilu,  • 
tloD  of  the  kldueyi.  It  i*  diiefly  inv- 
partod  Cram  Mexico.  The  wood,  when 
cleared  at  in  bark,  ii  of  a  diitj  jeiiaw 
oolouT)  but  it!  infutioD  in  cold  water hu 
a  akf-blue  tinge,  when  viewed  b;  a  lalie 
light,  and  a  gold  colour  by  a  true  one. 
A  imall  portion  of  any  acid  briug  mixed 
with  the  ticeture,  both  tbeae  ixdoiin  dis- 
appear ;  bTicthaiky-blue  maybe  reitorad 
by  mean!  o^  potuh. 

LIUIT.— SesGlou.  I. 

LIQUIDS,  and  LIQUIDITY.-See  OloM.I. 

LOADSTONE,— See  Magttl,  Native. 

MACHINE  (Latin  machMa,  a  frame  or 
contrivance).  Any  complication  of  arti- 
ficial bodiea  acliiiK  upon  one  another  by 
contact,  through  ths  medium  and  motion 
of  which  Kny  effect  ii  produced,  ii  a  ma- 
chine. The  initial  force  which  pula  the 
nufhine  in  motion  »  called  the  Pint 
or  Pnau!  insvn-.  The  poinl  at  which  that 
furce  ii  applied  ia  the  Acting  patHt ,-  and 
that  in  which  the  effect  i>  produced  ii 
the  fVeriimg  poinl !  the  madtina  being 
the  medium  through  which  the  power  is 
tmnilerred,  and  by  which  it  it  modified 
•o  ai  to  mnawer  the  intended  purpoie. 
When  a  limple  body  in  the  medium  be- 
tween the  ading  and  the  wnrking  pauttM, 

Magnetism  "  i«  that  peculiar  property 
aucaitoually  poeaoued  by  certain  bodiea 
(more  eipecially  by  iron  and  some  of  ita 
compound]),  whereby,  under  certain  eii^ 
tually  attnct  or  re- 
leauother,  aceording  to  determinate 

MAUNKT,  NATIVE,  or  LOADSTONK, 
la  an  ore  of  iroD,  found  In  the  iron  minea 
of  Sweden  and  other  placea. 

MAGNETS,  ARTIFICIAL,  are  made  of 
ttnall  bar*  of  iron  or  tteel,  which,  when 
placed  at  perfect  liberty,  turn  one  end  to- 
wards the  north,  and  the  other,  conie- 
quently,  in  a  southBrly  direction.  Theia 
two  pointi  are  termed  the  MiWA  and  the 
Soyih  Puift  of  the  m^net  \  and  a  line, 
' It  ^leu  pointi,  il  ita 


Jai:     The  ti 


ency  to  acqinrt 


nearly  north  and  lotith,  which  direction 
i*  uid  to  be  io  the  plane  of  the  Uagntlic 
Bteridium  of  the  place  where  the  compau 
hsppena  to  be^  The  tme  Geognphical 
Viridiaai  ii  a  plane  paning  thixnigh  the 
■enith  and  the  polea  of  the  earth.  The 
angle,  iriiich  the  magnetic  meridian  Ja 
eait  or  west  from  the  geographical,  or 
true  north  and  south,  i>  different  in  dif- 
ferent places  and  at  different  times  ;  and 
this  is  called  the  Farialian  a/  Iht  Cow^ 
pan.' — See  Dipping  Nerdie. 
MAGNETIC  FLUID  is  a  hypothetical 
fluid,  by  which  the  phenomena  of  mag- 
netism have  been  accounted  for.  Some 
have  supposed  two  such  fluids,  a  Boreal 
or  northern,  and  an  A'uttral  or  southern. 

MASS  (of  matter).— See  fWimi*. 

MAXIMUM.  In  a  variable  qaanlUf  or 
rjjtc/,  that  quantity  or  effect  which  if  Iht 
prttUetl  poMtibit^  under  the  circumstancea 
In  which  it  Is  placed,  is  termed  a  waai- 
mm.  Thus,  in  respect  to  the  sails  of  a 
windmill,  they  may  be  placed  at  any 
angle,  but  there  ii  one  angular  direction 
on  which  the  wind  will  have  more  power 
than  □□  any  other,  and  this  ts,  therefore, 
tetmed  a  maximim.  There  are  other 
cases,  in  which  we  seek  for  a  minimiaK, 
that  il,  f  Af  IhuI  potiible. 

MECHANICS  is  that  science  which  in- 
Tcetigates  the  nature,  laws,  and  effecu  of 
motion  and  moving  powers. 

MECHANICAL  POWERS  are  the  simpin 
iniirumenta  or  elementi  of  which  every 
machine,  however  complicated,  must  be 
Gonitracted  :  they  are  the  Lmr,  (he 
Wiecl  and  /lile,  the  Puitrs,  the  hidintd 
Plraie,  the  Wfdge^  and  Che  Sertte. 

MELTING  POINT.  That  point  of  the 
thermometer  which  indicates  the  heat  at 
which  any  particular  iolid  becomes  Suid, 
is  termed  the  mtlling  puixi  of  that  solid. 

MENISCUS  (Greek  mme,  the  moon)  a 
leni  which  is  concave  on  one  side,  and 
convex  on  the  other ;  and  so  called  be- 
cause it  resembles  the  appearanee  of  the 

'    new  moon. 

MERIDIAN,    MAGNETIC— See  Man- 


■  Fota- 

Imn.  S'Jght  poles  formed  at  irr^ular 
pidnt*  of  the  bar,  and  which  tend  to  dis- 
turb the  attraction  of  the  real  ones,  are 
termed  Cunirculivt  pofa, 

SIAONETIC  CURVES.  For  the  form* 
of  theae  curves,  and  diagrams  illustrativa 
of  their  properties  lee  Mi^iufifDi,  pagei 
19—22. 

MARINER'S  COMPASS,  a  well^nown 
iDstnunent,  coniisting  of  a  small  mag- 
netic bar,  oallad  a  needle,  poised  on  It* 
centre  of  gravity,  so  as  to  be  enabled, 
with  the  ETeatest  ease,  to  torn  every  way 
In  an  honiontal  direction.  After  a  fev 
vibrating  motioiii,dnring  which  it  ii  said 
to  irawtri,  tba  iiMdlo  takat  Iti  diractiim 


METALS,  annealing  of.— See  A 
METAPHYSICS.— See  Pij/iiei. 
METRE.  A  metre  Ii  the  French  standard 
measure  of  laogth,  equivalent  to  39.371, 
or  very  nearly  39|,  English  inches.  The 
French  measures  ascend  and  descend  in  a 
dedmal  proaretuOD.     Thut, 

£D|tiiH  Isebts. 
A  Millimetre  ii    .    .    .      .03937 
Centimetre  .     :     .    .       .39371 
Decimetre    ....     .<L93710 

Mrirt 39.371 

Decametre    .     .     .      39S.7I 
Heotometre      .    .    3937.1 
Chiliomeire .    .      39371 
Ac 
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in  verj  dunpUtat,  thioufb  quwu,  f^d- 
■psr,  and  other  foHik;  bat  it  it  >1m> 
found  in  tbe  fomi  of  priimatic  crfi- 
talg.   It  c<HUtitut«a  aprinripil  iogredieat 


OCULAR    SPBCTKL-Sea 

CWhti. 
OPACITY  [Udn  i . 

jrarvima  to  light. 
OHDINATE,  of  ui  EUifu,  Panbeii,  tiA 

HgptrMa. — See  Cutic  Sroliofu. 
OSCILLATION  (Latin,  a 


1  Riuiia  for  window-puiei ; 
that  auie,  are  called  Aftueon*  Glaa. 

MILLIMETRE.— See  Metn. 

MINERAL  ALKALI.— See  ^iiali. 

HINIHUH.— See  JUaxi'nwm. 

MIRHOKS,  PLANE,  CONCAVE,  and 
CONVEX^SeeQlo«.L 

flIOCHO  STONK/-See  ^jatt. 

MOLECULE  u  ■  diminutive,  formed 
from  the  Latin  ma/u,  a  mau,  and  denote* 
one  of  the  minute  partidea  of  which  the 
mauorbody  ia  eompoaed.  Jlfs/rcu/n  differ 
from  Alona  in  ihii,  that  thaf  are  never 


i.  1  m)  i.  I 

oiiB  of  the  Blmplol  partidea  in  nature, — 
ivhut  is  incainble  of  further  diviaiou. 

MOMENTUM,  or  MOMENT,  ta  the  im- 
petu),  or  force  of  a  cnoving  body.  The 
comparative  momenta  of  bodiet  are  in  a 
compound  ratio  of  their  quantity  of  mat- 
ter  and  their  velocity  :  tost  is,  they  are 
in  proportion  to  the  producln  of  the  mat' 
ter  and  velodly,  tehnt  txpreucd  in  nun- 
btn.  That  a  b^l  of  four  pounds  weight, 
moving  imi/iii-m/jr  at  the  rate  of  ei){hteen 
feet  in  a  second,  ffoutd  have  duutile  the 
momentum, — that  ii,  it  vould  strike 
wainat  an  object  with  twice  the  force 
that  a  ball  of  Lbree  pounds  weight,  mov- 
ing at  the  rale  of  twelve  feet  pec  second, 
would  do  ;  because  tbe  first  product  (4 
multiplied  by  16]  is  dnuble  that  of  3  miJ- 
tiplied  by  13.  Momtnlma  ia  Hit  font  of 
pm^Bion.— See  Percuttian. 

MOONSTONE.— See  Feldipar. 

MOTION  ia  the  paaaing  of  a  body,  or  any 
parta  of  a  body,  from  one  place  to  an- 
other: we  My  part*  of  a  body,  because 
inthecaietufaglobe  turning  on  ita  axis, 
era  wheel  revolving  on  a  pivot,  the  parti' 
of  tbe  body  change  their  siluacion,  vbile 
the  bodies  themselves  are  atatiooary. 

MOVING   POWER.— See  iWer. 

MUSCOVY  GLASS,— See  iWiM. 

NATIVE  MAGNET.— See  flfflj7«(. 

NEGATIVE  El.ECTKICITY.- SeeE*.- 

NITRTC  ACID.— See  AtaU. 
NITROGEN.— See  Ami: 
NON-CONDUCTORS.- SeeE/rdneWwi 
NON-ELECTRICS.— See  Elucirialg. 
NON-ELASTIC  FLUIDS.— SuOu  and 

NoSh^'— See  Fmiir;  ScoU. ' 
OBLATE  and  OBLONG  SPHEROIDS. 

—SetSpAmid. 
OBTUSE  ANGLE.— Sec  Aiule. 
OCTABEDR0N..-See  SlumEiu. 


the  motion  of  a  pendulu: 

,    CENTRE   OF.    "  The 

omtn  of  oaciiUtioa  in  a  penduknia  body 
is  a  point  in  the  line  pasaing  ttuougti  the 
centre  of  siupeosion,  and  the  csatre  at 
gravity.  If  all  the  matter  of  tbe  body 
could  be  oollected  in  that  point,  any  fane 
applied  ibeie  would  generate  tlia  same 
angular  velocity,  in  a  given  time,  aa  the 
same  force  would  generate  in  lia  aun 

gravity  of  the  pendulum,  vLai  all  die 
parts  thereof  are  situated  in  their  reapeo 
dve  places."  This  polut  differa  fmn  the 
CeMir  of  Gfraiioit,  because  the  motion  of 
the  body  ia  produced  by  the  gravity  of  in 
own  pajticlea,  whereas  in  Gfin)kHt,  tbe 
body  iaput  in  motion  by  some  other  fbn*^ 
acting  Bt  one  place  only' — Sea  Ctmtrt  ^ 


OVALS.  These  Egurea  bave  tbi 
from  their  resemblanoe  to  thA  U 
section  of  an  egg,  Laiin  ovum.  £llipea 
are  ovala  which  are  foimud  by  a  fixfdlaw, 
but  the  tatter  is  a  popular  term  Rr  any 
curved  figure,  approaching  to  that  ahapr. 
The  carpenter's  oval,  Ibr  ezam^la,  ia  made 


OVALS  OF  DE3CARTKS.  Tfane,  thongii 
not  Ellipaes.  are  governed  by  a  deieni. 

nate  law,  which  eonstituua  tham  aa  ira- 
rielies  of  that  curve.  As  in  the  ElUpia 
the  two  lines  drawn  from  the  foo  to  aov 
point  of  the  circumference  vary,  ■>  that 
the  increment  of  one  shall  always  he 
equal  In  tbe  umuttaneous  decnmeut  ti 
the  oiher ;  so,  in  the  CaHaiaH  Oeait, 
these  incrementi  are  in  an  invmriable  ra- 
tio. "  These  curve*  may  tberf£M«  ht 
defined  the  iocai  (place)  d  the  vertex  of 
a  triangle,  on  a  given  base,  One  of  vboH 


ralhrdiffi 


n  line  and  the  athtc 

OVERSHOT      WHEEL.— Sea      Water- 

OXYQEN,  or  OXYGBN  GAS,  ia  tl»t 
portion  (something  more  than  afounli' 
of  the  atmospheric  air,  whidi  >■  capabie 
'    ipporting  Same,  and  isosential  totbt 

Iiralion  of  animais.  Ozygea  ia  geoe- 
y  diffused  throughout  nature,  but  al- 
ways in  combination  with  other  sub- 
stanoei.  United  with  Hnirogat  Ou  (/k- 
JtanmaUt  Air)  it  forma  valer.  It  waa  at 
one  time  tuppoaed  to  be  a  neoeeaaij  in- 
gredient in  the  cnnpoiition  of  all  SEMis  i 
and  henoe  tti  nsia^  which  i^  dMJra< 
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tuites  with  metali  uid  other  i 
during  their  comfauatian,  and  form* 
Oxida,  vhat  nere  formerlj  called  Odea. 
Hence  we  lay  that  thoie  auUu 


PARABOLOID.— See  Comaii. 

PARALLEL  LINES.— When  two  ilraight 
liuei,  io  the  ume  pliuie,  aie  to  directed 
that,  howerer  much  tbey  might  be  length- 
eaed,  they  would  never  approach  nearer 
to,  nor  recede  from  one  another,  they 
are  uid  to  be  paralleL 

PARALLELOGRAM  ii  »  riglitJined  and 
fouT-dded  Gffore,  whoM  oppotite  lidee  are 

CUel,  and  oonieqaeutly  equal.  When 
nglet  are  ri^t-anglet,  the  figure  ■• 
umally  called  a  lUetangU  oi  (Xibmg.  If 
■II  its  lidst,  ai  well  ai  angles  are  equal,  it 
i)  a  Sqaart. — See  RhomlHa. 

PAHALLELOPIPED.— A  parallelopipod 
is  a  BoJid  having  aix  tides,  each  of  which 
El  a  parallelogram,  and  consequently  al- 
irhyt  equal  to  and  parallel  to  ili  oppoiica. 
It  i«  a  priim  vhoae  baie  i>  a  parallelo- 
gram. — See  Prim. 

PARHELIA,  FARUELIUH,  or  PAR- 
HELION (Greek  pira,  near,  and  AtHei, 


■imilar  to  the  sun,  which  ocxaaionally 
eompaniei  kak>t  (See  Haio. )  There  hare 
Iteen  lometimee  >een  eii  or  aeren  of  these 
mock  tHiu  at  the  lame  time,  which,  in 
that  case,  are  denominated  by  the  plural, 
Parhtlia. 

PENCIL  OP  LIGHT.— See  Ugkt,  Baa 

PENUMBRA  (lAtin  pent,  almost,  and 
umbra,  a  shadow)  is  a  partial  shadow  ; 
tliat  is,  a  ahadow  which  onlf  receirea  a 
portion  of  the  raya  of  a  luminous  body, 
when  that  body  has  a  measurable  diame- 
ter. This  i)  well  explained  in  JWiclon'i 
Optia,  «t  page  23. 

PERCUSSION,  CENTRE  OF.  Percns- 
■ion  is  a  forcible  stroke  given  by  a  moving 
body.  In  taking  any  particular  body, 
auch  at  a  rod  of  equal  thickneu,  held  at 
one  end,  and  avung  forcibly  by  the  hand, 
•o  asto  atrikeupoD  a  resisting  object,  the 
force  of  the  nroka  will  be  greater  oi  leaa, 
according  to  the  part  of  the  rod  that  shall 
hit  the  object.  There  is  one  point  of  the 
rod  in  whichthe  whdeforceof  the  stroke 
is  concentrated,  and  the  neiatance  to 
which  would  nsntralize  the  blow.  That 
It  la  termed  the  Cenlre  qfjierciuimi. 
.  Rien  the  percutient  body  revolves  round 
1  fixed,  the  centre  of  percustioo  is  the 
same  with  the  Centrt  of  mtiUaiiai,  and 
if  all  the  pares  of  the  percutieni  body  be 
nnied  forward  with  the  aama  celerity 
(wUch  ii  not  the  case  of  the  pendulum;^ 


When 


the  centre  of  ptttniiion  1*  ths  Mrn  irith 
the  B«Jilre  ofgramln, 
PERCUSSION,  FORCE  OF— Ses  ^■ 

PERIQEE.— See  .ftpofn. 

PERlHEL10N.~See  ApMioa. 

PERIMETER.  The  length  of  Ute  whole 
bounding  line  of  any  plane  figure,  of 
whatever  parta  or  shapes  that  line  nay 
consist,  is  termed  the  ptrimtlet  of  the 
fisure.  The  length  uf  the  bonnding  line 
of  a  circle  (and,  perhaps,  of  any  curve 
which  returns  upon  iaatC)  U  its  n'mim- 

PERPKNDICULAR.— See  Anglt. 

PETUNTSE.-See  fWApar. 

PHENOMENON  (plural  Phanmeia)  la  a 
Greek  word,  signifying  an  Apptarimce, 
and  is  limited,  in  our  language,  to  denote 
those  appearances  in  nature,  whether  din- 
covered  by  direct  observation  or  experi- 
ment, for  which  there  is  no  obvious 
causa-  An  Hgpot/wii  is  au  aagnmed 
cause,  by  which  we  endeavour  to  account 
for  B  particular  class  of  phenomena  ;  and 
that  hypothesis  is  beat  which  solrei  the 
greateat  number. 

PHLOGISTON  (from  the  Greek  p/dego,  to 
bum)  ia  a  name  ^iven  by  the  older  che- 
mists to  an  imaginary  substance,  which 
was  the  principle  of  inflammability.  Ac- 
curding  to  them,  every  combustible  body 
was  farmed  of  nn  incombustible  base, 
united  to  this  phlugialon,  which  escaped 
into  the  atmosphere  during  the  ctnaiuf- 
lion.  This  proceas  la  now  atcribuied  to 
the  union  of  certain  known  aubitances 
(chiefly  oxygen),  which  are  therefore 
called  S^pporltrt  of  Cambialiim. 

PHOTOMETER  (Greek  jj^,  light,  and 

measuring  the  different  intensities  of 
light.  Tbeee  instruments  are  variOu&ly 
constructed  ;  but  thoae  of  Rumford  and 
Leslie  ace  the  moat  generally  known. 
PHYSICS  (Greek  pAyn'i,  nature)  is  that 
science  which  is  employed  in  observing 
the  phenomena,  and  inveet^ting  the 
constitution,  powers,  and  efiecta  of  the 
several  bodiea  in  uacuie.  Aristotle,. that 
celebrated  Greek,  whose  writinga  formed 
the  text-books  of  the  schools  for  so  many 
centuriei,  after  having  treated  of  Phy- 
sid,  or  Nature,  added  certain  disquisi- 
tions, ooncamins  Being  in  geueral,  the 
Soul  of  Man,  and  the  Deity.  These  were 
termed  hit  Mitaphfia  (mefo,  beyond), 
becunse  they  were  distinot,  or  htgond 
what   he  understood  by  Piyiici,  or  Na- 

PILB,' GALVANIC,  or  VOLTAIC-See 

Galvanic  Cirv/t. 
PISTON.— See  Gloes.  I. 
PLANE,  TANGENTIAL — See  Tfawntf. 
- — — ,  HORIZONTAL.— See  HorifM. 

,  VERTICAI See  fieruM. 

PLUMSAGO.— See  Carhan. 
PLUMUEB.-Sea  PUIm. 
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POINT,  ACTINO_Sn  MaeUt.  Hm,  had  tlie  bodiM  bMO  «Ui 

-  BOILING— 8«  BaUatgfoimt.  ttidi  »lone,  they  vonU   inn  n 

-  Bee    Frtamg  "        "    "" 


-  FHEEZINO.  —  Bee  '^rttxmg  Jn  equiUbriuni,— See  Ejiii£bh>m  ai 
Fana,  conpstifiMi  a/. 
OP  INCIDENCE— See  R^ffve-  PEINCIPLE  OF  VIRTUAL  VBLOO- 
TIKS.  "  When  m  Bfttem  «f  mMtriJ 
paJDti,  lolicitad  by  any  faroc,  it  in  tfoi- 
librium.  If  tlis  lyilem  receiTe  ■  OBilI  it 
tention  in  JM  pcnition,  by  nriue  d 
which  e»ei7  point  deBcribei  wa  iafiniitll 
■mmll  apace,  the  lum  of  mch  loca  th^ 
plied  by  ihe  apue  described  by  tli«  pui 
to  which  it  i(  applied,  according  u  ibt 
of  the  force,  ii  alwayi  e^mll* 


. WOHEING.— See  ITDTi^pmiK. 

POLARITV  (of  B  mignet).— See  Magnti, 
ArtifiatJ. 

POLS  S,  of  amignet.— See  Magmrt,ArtiJlatl. 

or  A  GALVANIC  PILE.— See 

Gohmat  Circle. 

POLYHEDRON— See  Rlu»iAia. 

POLYZONAL  deiignatca,  literally,  what 
U  compoud  of  many  zdh>,  or  belu. 
The  term  1*  applied  in  thii  volume  to 
cenaia  leniM,  compoaed  of  pieces  united 
in  rinp  which  are  therefore  called  Pelj/- 

PORES  (of  muter.) —See  FoUme. 

POWER  ii  that  princi[de  which  is  capable 
of  effecting  a  chann  in  the  state  oc  oon- 
dition  of  abody.  When  power  isexerted, 
ai  in  mechanics,  it  ii  force,  applied  for 
the  pntposB  of  producing  or  prerenting 
motion.  In  the  former  case  it  is  termed 
I  the 


This  I 


the  g 


j  lalait  fere 


ining  fmttr,m  fine.    Poietr 


tiriual  Tt/ociiifi,  referred  to  at  page  !  ■ 
Mkchahici,  Treatiie  II. 

PRISM.  A  prism  ii  a  solid  contained  bf 
plane  figures,  of  which  two  an  pwiU 
and  the  rest  are  jnruUelognmi. 

PRISMATIC  SPECTRUM  ii  ll»«™» 
coloured  apptanoux  (Latin  ifvcfru) 
which  ■  ray  of  white  light  exhibiu  "bn 
sepuated  by  refraction  thioo|^  i  ^ 
pnim.  The  prism  of  ttM  opti<iuu  >■ 
triangular ;  that  ii,  its  two  eudi  ut  pr 
rallel,  equal  and  liaular  trianglci,  u' 
consequently  iU  other  faces  are  ihm  f* 


power  of  a  man,  or  other  aalmil. 

INANIMATE,  is  that  of  air, 

/rt,  mtltr,  or  other  inanimate  bodies. 

UECUANICAL.— See    MaJta- 

nieal  Pcuer- 

IN  OPTICS  exprasM*  the  effect 

predocible  by  leniei,  or  other  instru- 
ments,  as  magrti/l/ixg  powtr,  kratitig 
fita)tT,tsc. 

PRESSURE  is  the  application  of  fotne  to 
a  resisting  budy,  when  that  force  is  in 
continued  contact  with  the  body  upon 
vbich  it  IS    exerted. — See  Iwiftilie  and 

—  ATMOSPHERIC— See^/- 

motfkeric  Pntmrr. 

• CENTRE    OF.     When    a 

fluid  preasei  upon  a  surface,  there  ii  a 
»uif  in  th&t  surface,  at  which,  if  a  force 
be  applied  in  the  lame  line  with  the  pres- 
sure of  the  fluid,  and  equal  to  the  whole 
of  that  prewure,  but  In  a  contrary  direc- 
tion,—  this   counter-force   will   exactly 


ImotioD  measured  by  sooie  scale  wbiKia 
that  scale  may  be. 

ARITHMETICAL,  ii  » 

series  of  numbers,  or  qnantitiei,  in  "i"* 
each  term  differs  from  Ihal  whicb  p- 
cedes  It  by  a  fixed  number,  oi  qussDi;. 
called  the  Kif is.  Thai  3,  6,7,S.1L^ 
Is  an  arithmeUcal  progression  hsrinj  '^ 
ratio,  two ;  that  being  the  number  If 
which  each  term  Utten  from  the  s'jtio- 
'"Wono-  ,    .    . 


mduplier  which  is  common  to  the  •b.J' 
series:  iliii  multiplier  is  the  ratio.  I^" 
2,  *,  8, 16,  32,  &c  ii  a  geoineiritxl  I^ 
gression,  of  which  erery  term  it»^'«' 
an  adjoining  "    '    "  "" 


balance  the  whole  pressure  of  the  flu! 
— and  that  faint  \t  called  the  et   ' 

PRIME  MOVER.~Sn  Machins. 
PRIMARY  COLOURS.— See  CWai 


...,  and   whose  nbt  (* 

■)    it  a.     Whether  trilb' 

metical,  or  geometrical,  jrogrtHimn  '" 

t  0/        crease  or  decrnaM,   that  ii,  *""*  ' 

dttceitd,  the   principle,  or  order  of  pie- 

gression,  is  the  same. 

pri.     PROPORTION,  direct  and  iuiene.— » 


PRINCIPLE,  D'ALEHBERT'S,  in  Mr- 

ckanietf  la  this: — If  sereml  fun-«/djAV 
bodies  bare  a  tendency  to  motion,  with 
velocities,  and  In  directions  which  they 
are  oonstrained  to  change,  in  consequence 
of  their  reciprocal  action  on  each  other. 
then  these  motions  may  be 
'  -'"  roothers; 


Jialia. 


aBalit. 


M^Tm 


PROPORTIONALS.— a 
PYRAMID.— See  CwK. 
PYROMETER.- See  Ttttnm-tltr. 
PYROSCOPK— See  TScnmnMMr. 
QUADRANT.— See  Awfc. 
QUARTZ— See  Oloai.  I. 
idereda^     RADIATION.— See  Oloss.I. 
which  the     RARITY,  in  bodies,  -s  the  oppeliK  of  ^ 


•ctutUy  Mkej  andtlMoihaciQd),    ft<f,  which  set. 
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RATIO,  tn  oomparlng  two  lubjecu,  wilK 
rsgkrd  to  lome  quality  wbidi  tbey  han 
Id  common,  vid  whiiUi  BdiaitB  of  beiag 
HMUured,  that  nmmrs  it  their  ra/it. 
I(  1e  the  rait  in  vhich  one  exoeedi  the 
other.  Pnptirtim  a  the  pgriisH,  or 
parti  of  one  ma^itude  that  are  ociu- 
tajned  in  another.  When  the  ratio  ii 
CBtmamnUf,  (that  la,  vhen  it  i*  redu- 
cible to  niunlwn,)  it  ia  equinlent  to  pro- 
portiani  but  tlie  latter  tana  ia  unially 
emplojrd  in  tlie  oompariiOD  of  raliM,  in 


which  13 


be  propanimaU.    Thu*  3  has 

the  expretsiiHi  3  U  to  4  iu  the  lame  pro- 
portion a>  6  to  8,  denote!  that  the  ratioi 
ofato  4  and  «to8are  eqiial ;  3  being 
die  Mine  proportion  of  4  ai  6  ti  of  8,  that 
ig,  three-fourthi.  Ratioi,  bowerer,  ma; 
l>e  unequal.  Thui  it  i*  laid  that  the 
ration  of  B  to  4  la  greater  than  that  of 
7  to  tl,  becsnte  |  ii  gteater  than  | :  it 
being  Ihua  that  ratio*  are  meamred. 

DIRECT     AND      INVBRSB. 

Wheo  Cvo  quantitiaa,  o!  munitud«B, 
have  a  certain  ratio  to  each  ouier,  and 
are,  at  the  uuna  dme,  lubject  to  fncreaie 
ordlmtmitlaii ;  if,  while  one  incrMsaa,  the 
other  Increaaea  in  the  nioe  ratio,  or,  if 
while  the  one  dimiDlshea,  the  otlier  diml- 
niahea  io  the  nme  nUio,  the  pn^criiimi, 
or  oompaciaoiu  of  ntiaa,  rtoaain  unal- 
tered, and  Uioae  quantitiai,  or  mtgnl- 
tudfa,  are  laid  to  be  in  a  diren  ratio  or 
pTOportiDn  to  eadi  otlier.  That,  If  a 
yard  at  doth  be  worth  a  pound,  ten  or 
any  number  of  nrdi  will  be  worth  » 
naoT  potmda,  and  the  pioparUoo  of  value 
ooQtlnuei  nnallcred. 

But,  If  the  magnitndea  are  nieh,  that, 
when  one  inoeaaea,  the  other  neceiaarily 
dimintuhes ;  and  viee  fwnd,  when  the 
one  diminiihn  the  Other  increaiea,  the 
ratio,  or  proportion,  la  aaid  to  be  ittvera. 
Thut,  there  it,  at  any  moment,  a  certain 
ratio  of  the  length  of  the  day  to  that  of 
the  night;  but  this  I  ■  an  aivine  ratio; 
fur,  in  proportion  ai  the  length  of  either 

RATIO,  CDMpiwni.  A  compound  ratio  i> 
made  up  of  the  product  of  two,  or  more, 
■imple  ratioa  ]  that  ii,  of  the  product  of 
their  finl  terma,  whidi  are  called  Jmlr- 
BtdmlM,  compared  with  the  product  of 
their  Moond  terma,  called  CBM*ejitenli. 
ThtuSi  I  3  Iia  compound  ratio  of4: 1 
and  6)3;  thii  being  made  up  of  two 
dimple  oaee  ii  called  a  Dupltcala  Salia. 
When  three  aimple  ratioa  are  oom  pounded, 
tbey  form  a  TVipAoolc  Ratia ;  if  four,  a 
QmJmflietti  Bain,  and  w  of  Other  com- 

BAY  liBunglendiationficmabndywhiGh 
•endi  out  emlaaioni  ia  all  direcuona. — 
Sea  SaMmliom  and  UgAI. 

BATS,   AUCRRATION  OF.— See  Mrr- 


RAYS,  CALORIFIC— See  OJ«n/h  Rag: 

COLGURKD.— See    Oihurt   and 

Pritmafic  5)wf  fncm. 

CONVERGKNT.— See    Ri-Jltxian, 

Lamef. 

DIVEROE^fT.  —  See    Rifitxiim, 

PARALLEL.    —    Bee  '  RrJUxion, 

REFLEXION  OF.— See  Rrfitxion. 

^  REFRACTION     OF.— See     Jb- 

ORDINARY  AND  SXTRAORDI- 

NARY— See  RefraelioH,  DoaUe. 

BE-ACTION.— See  jtctwn. 

REFLEXION.— See  Qloat.  I. 

REFLECTING  Micretapti,  ftc— See 
Oloai.  I. 

REFRACTION.— See  Oloai.  I. 

DOUBLE.— See  OloM.  I. 

REFRACTINO    Mien>mpt;    dw.  —  Sea 

Gloei.  I. 

REFRANOIBILITY,— See  Qloat.  I. 

RELATIVE  GRAVITY.— See  Gn>»ry. 

REPULSION.— See  Oloa.  I. 

RESINOUS  ELECTRICITY.— See  Sfco- 
iTv  PbiU. 

RESISTING  FORCE— See  Pww. 

RB80LUTI0N  OP  FORCES.  —  See 
Ftnet. 

KBSaiUK^ST.—SteFBrtxtyComfiiatiimef. 

RHOMBUS.— See  Gloii.  I. 

RIGIDITY.-See  Gloia.  I. 

HOCHELLB  BALT.—SeeGlon.  T. 

RUBBER See  Eleelrmlf. 

RUBY— See  Canrndimi. 

RUPERT'S  DROPS  (lo  called  becaoae 
they  were  Gnt  brouf^t  to  England  by 
Prjuee  Rupert,  a  German  prince,  and 
grandson  of  Jamea  I.J  are  a  sort  of  glaai 
diojpa  with  long  and  itender  taila.  They 
will  bear  a  imart  itrake  of  a  hammer,  but 
borit  into  Btonu  with  a  loud  report  if  the 
Borface  be  Kratched,  or  the  tip  of  the  toil 
broken  off.  They  are  made  by  dropping 
mailed  glasi  into  cold  vater,  which  con- 
denaei  the  outer  lurface,  and  impriioni 
the  heated  particlea  while  in  a  ilate  of 
repuliion. — Bee  AmtealiHg  of  G/au. 

SAFETI-VALVE  (a  neceaury  appendage 
to  a  tteam-engine)  ii  a  v^ve  openiu 
outwardi  from  a  boiler,  and  loaded  wi^ 
a  weight  auffident  to  wilhilajid  thepra- 
■ure  ^the  tteam  until  it  riiie  to  a  certain 
required  height  ;  but  which  would  be 
foroed  open  before  the  ateam  ooold  liiuic 
the  boiler. 

SAPPHIRE.- See  Cxna-lmm. 

SATURATED  SOLUTION -Set  SWMmn. 

SATURATION.— See  Elmricitf. 

SCA  LE.— See  GInaa  I. 

SCREW — See  Gioai.  I. 

SECTOR.  A  MCtor  ia  any  portion  of  a 
circle  (leaa  than  a  aemicirrle)  contained 
between  two  radii  and  a  part  of  the  cir- 
cumference :  nich  aa  the  tnangular  apacei 
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SPHBBOID.— See  GOom.  I. 

BPIRAL.—Sw  OkM.  I. 

SPIRIT  OF  WINB^-Seo  JJebM. 

STATICS  i«  that  drrinoa  of  ilia  icwia  rf 
necfauiiis  which  conaidan  badia  ■•  l>i- 
fluanced  by  forcesthat  an  in  (quIKteimn. 
It  therefore  trou*  of  bodiea  at  rat.  The 
vdH  ii  fonMd  from  the  Greek  WaM, 
iiandiDB  itilL    What  bdoi^  to  Matici  ii 

8TBAH  li  generally  naal  to  tlgniff  tfia 
viilUt  cloudy  TBpaai  aiialng  fiva  «»• 
and  which  at  low  taoparatura  li  np- 
■.  Whenlhe  an;!le  contained  pieed  to  he  the  cMue^aence  of  a  dwmtnl 
1  the  ndil  iiBri^hc  uigla.  the  aolotiaa  of  water  In  air ;  bat  ittwn,  ■>  il 
Motor  ii  a  fuadrvKl,  and  ii  wi  railed.  A  li  OMd  in  the  tttt,  denote*  water,  m  u 
iR^oriialn  the  name  giTcn  to  a.  mathe-  elaKio  fonn,  at  or  aboTe  the  tenperatun 
iDBtical  Initnunaat,  compowd  of  two  flat  of  the  boiling- petnt,  when  it  it  ianiilil*' 
mien  conneoled  with  a  joint,  which  allowt  STEAM-TIGHT  ii  that  degree  of  doMua 
them  to  open  in  the  form  of  radial  Unet,  which,  in  any  particular  cai^  pavtna 
eo  at  to  indnde  a  aector.  tlie  ocape  of  iteun. 

iEOMENT  OF  A  CISCLE  !■  any  por-     GTEBI See  Cariat. 

tion  cut  off  hj  a  •traight  line.    Tha»,  in TEHPSR  OF.— The  diffimalAw 

the  preceding  figure,  EFO  is  augment         jKn;  or  degreei  of  bardnea,   of  rigidil^ 


8EM[-TRANELUCEIir.  — See  Diap»t- 
SEMI-TRANSPARENT.  — See   Di<r*o- 

SHEAR-STEEL  (to  called  became  fitted 
for  maldng  dalkierf  (Aeori,  acythei,  fto.) 
I*  prepared  by  laying  leveial  ban  of  com- 
mon iteel  together,  and  baatii^  them  in  a 
furnace  untu  they  acquire  the  welding 
temperature.  The  bari  are  then  beaten 
together  with  forge  hanunera,  after  which 
they  are  drawn  anew  into  ban  for  tale. 

SILEk^-SeeGloai.I. 

SINE.— See  ^ngk. 

SINES,  LAW  OF  THE.— See  Rfjkeliire 
PowtT. 

SODA.— See  AOaS. 

80LID9.— See  Oluu.  I- 

80LJD  OF  LEAST  RESISTANCE.— See 

SOLUTIGN—See  GIobb.  L 
80UND^-«ee  Glow.  I. 

RATS  OF.— SeeiigtuioK. 

SPAR^-See  GIom  I. 

SPAR,  ADAMANTINE.— See  Cormdmoi. 

IC£LAND^-See  OJcermM  Spar. 

SPECIFIC  denominatea  any  ^toftm  that 
ii  not  general,  b«t  ia  oonfinad  to  an  udivi- 

ORAVITT.— SeeGrwnV^,^ 

'■ HSAT^-SetCo^'o,  Spteifie. 

6PBCTRA,  OCULAR_See  Ovular.  ^f> 

BPECTRUM,  PRISMATIC- Bee  Prii- 

malic  ^tfclmm. 
SPECULUM.- See  Mimr. 
SPHERE.— See  GWv  1. 
SPHKRICAL     ABERRATION.  —  See 

Okua.  1. 


ijgbt 


STEELYARD.— See 

STRAIGHT  LINE,  the 
linC' — See  Ciavi. 

SUCTION.  The  actioo  of  miiiog  it  pw 
formed  by  the  child's  making  a  TaM" 
In  iumoath^  which  ovlmaia  thettrin^ 
the  porta  of  the  nipple ;  and  the  >'>''** 
MMeqaenily  qectad  fnnn  the  bitan  dt 
the  uueuiuiw  elaatidty  of  the  air>iili'°^ 
tba  raiting  ofliqaid*  through  a  tuba,  » 
meaa*  of  a  ptton  which  Ufte  and  fuwv 
the  w  Wht  of  the  aonoipbere  fma  "fj 
part  of  ^  wdl  whidi  i>  covered  with  lu 
tube,  leaving  it  topreaaon  theothwi"" 
of  the  rorfwe,  i«  aJao,  metJ^b""""?' 

8TNTHKSI8.— See  JmatftU. 
TABASHEER.— See  Qloaa.  I. 
TANQENT.— See  GloM.  I.  . 

TELESCOPE,    ACHROMATIC.  —  " 

aioM.i. 

TEMPERATUEEr-See  Gkaa- 1- 
THERHOHRTER.— SeeGhM-L 
THERMOSCOPB.    a    name   P«°.^ 
aoma  iuventon  to  tbnr  particular  bn" 
of  themraneten  t  a»  «*<>»«?«»" '"'^ 
of  ume  lorts  of  pyrometen. 
TOPAZ^See  Omrndtim.  . 

TORSION-BALANCE,  a  delioat*,  «!* 
trometer,  M>  called  becanw  in  J"'^£ 
coniiita  1a the  tBTjtM  or  ftru*"*"*"* 

TORRICELLIAN       VACUUM.  -  ^ 

GloM.  I, 
TOURMALINE.— See  GIom.  I. 
TRANSLUCENT— See  Diafhamm. 
TRANSPARKNT^SoB  Di.jt*ii«M-  ^ 
TRANSVERSE      DIAMETER  -  ** 

GloM.  I. 

VALVE.— See  Oldtt.  I. 
VAPOUK.— See  Gloat  I, 
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VAEIATION  O?  THE  COMPASS— 
See  Jtfar««''<  Cotapau. 

VEGETABLE  ALKALI— See  AUati. 

VELOCITY.— See  OIna.I. 

VKRNIER^See  Oloa.  I. 

CHROMATIC— See  GIom.  I. 

VERTEX— S(t«  Omeami  Canie  Sediwi. 

VERTICAL  CIRCLE.— See  HaH»m. 

PLANE.— See  HeriMm. 

VESUVIAN,  or  lUOCRASB,  isftitene, 
aenenlly  of  ■  reddiib-brown  roloiir,  liml. 
Ur  Id  appewsnce  to  common  garntl.  It 
(■  fonad,  dtiuUiied,  uioiig  lubatauoai 
thnnrn  ont  of  Tolnnoea ;  and,  hi  its 
um*  indkatei,  particularljbj  Mount  Ve- 


VORTICHS,tliiiphira1of  the  Latiaenrtw, 
B  whirlpool.  Ine  priimry  hypotheiii  of 
th«  natunl  philoMphy  of  Deiciitei  wu 
that  tho  unWvne  if  *  plaam  (Latin 


flamt,ti£l)ji  thBtli,WiIhoaliin7TMODuiii, 
or  unoccupied  ipace  (  and  that  the  afsau 
of  matter  mored  in  numeraiu  vtrticti 
whjdi  carried  the  heavenly  bodiei  aniund 
that  aereral  rnitm  of  motiim  i  nieh  ai 
the  planeu  about  the  lun,  and,  perhipa, 
■imiJar  planeti  around  the  fixed  itBri. 

VEATHRR'GLASS.  The  barometer  !■ 
popniarly  cermed  a  weatherglau,  beeauM 
ita  Tariationi  are  Gommanly  believed  to 
pn^oaticate  the  appraadiiiig  itale  of  the 
weather.  In  former  timea,  the  lame  appel- 
lation wBi  glTen  to  the  thennometer. 

ZENITH— See  ffoK.™. 

ZIRCON  i>  a  heary,  hard,  tparkling,  and 
transparent  itone,  AUsceptible  of  a  fine 
polish,  and  Lavinff  a  itriHift  double  refrmo 
tiou.  It  ia  uiually  divided  into  the  t*a 
Tarietiei  id  kfoanti  and  jargoK  ;  tht  for- 
mer hariuff  a  yel1o«iib-red  colour,  and 
the  latter  being  moat  nteemsd  whn>  ov. 
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iwUehtbcutlel*  Ii  totMnnud.    Oftti 


or  Optitat  Iiutt 


AiERMTiOH,  tfAtrical  u 


in  iDTens  ratio  of  the  magniryinc 
compantire  in   glus,  lapphire,  and 


Academy  dri  CWwitla,  thdr  impnivementi  on 

French,  their  attenipted  imrrcwemL . 

AceiMiil,  Oented's.  ciperiniBnta  oa  dectiO'impietiBm 
jfcaim»laled  electricitf ,  experinieDti  on  the  motion  of 


the  thermometer    Th>u. 


byind 
'ID  hill*, 


Ackaritt  pyrometer,  detoiptioa  of 

Admmalic  teteeixnM,  principle*  end  deecription  of     ■ 

. ,        the  lei^wt  ever  known,  dewsiW  . 
ey»{iiece*  for  aitronomie&l  teleiGopea 
open  gliinei,  oonitruction  of  .  >  < 

Adib  decomposed  by  the  voltaJo  pile  .  • 

'    '  ooQaecdim  betwem,  and  electricity 


electro-magnetic,  fandenental  bw 
Actiim  and  Rtadien,  that  thdr  equality  i»  one  of  the  Iswt 

of  motion,  illiutrated 

of  a  bird  in  flyioe  deeeribed 

of  (he  oar  in  reiiinRa  boat  deacrlbed 

of  the  fly-wlieel  exf^ained 


mutual,  of  electric  cunent,  eoncerning  genardly 

particnlarly,  deicribed. 

(See  Eketria  CurmiiM.) 

jEiTOue,  hli  MDendmenu  of  FrwikliD'e  theory  of  dectnaty 
hlj  theory  of  magne^im 
GorreotiODi  of  Ui  theory 
hli  method  of  making  a 

^«Wat  Tibrations,  their  refleiioiu  the  o 

^  the  decay  of  ^ht  consequent  opoo,  bow  remedied 

. .  iu  elbct  DMn  thermometen 
Air,  In  That  itdUfm  from  liqulda    .  • 

•  .  Btmoapheric,  it!  meduinicel  propeitia 
. .   elai^dty  of,  experimenu  to  prove 
. .  Iti  enormooa  premre  un  the  hnmau  body 
• .  IM  redatance  to  fUiing  bodies    .         .         •         > 


Por.lHT. 
Tbbom.     . 


El«[x-  iLttai. 
Pop.  Imt. 
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JUt,  ill  redatuiM  to  morlng  bodiea  proportionmU  M  the 

•qaini  of  tbelr  velodtiBt For.  Iht.  17—18 

. .  ita  tniDDlau*  motioi)  tha  oaoM  of  lound                            .                     '     ,  .         71 

■  ■  iDsuii  of  vei^Dg  ■  imall  qouitity  at    .  —  ,        ,    66 

jUr-faa^,  experinumti  vith,  dsacribed      ....  6S,  66 

.Jirfjnmtler,  of  Scbmiti,  cmstniedoD  of        .  .  .  Tumbm.     .         .         .31 

.tftr^AcraiiMKta-,  KInaeraley'i  BiMtrio*],  dMcribod                 .  Bucr.  43 

jUr,  eamnti  of,  iltnj  Mcomptny  the  ditcluirfie  of  eleetrldtjr  -"—    .  26 
.AleoMie  and  mercojlal  ihentMcoetcn,  aon^andre  table  ot 

■t  diftrent  tempennire* Tbkbm,  .   M,  5S 

j4lhUu,  deeompoMd  br  the  Toltak  jnle       ....  Qtix.  .17 

Amahamt  for  the  tnbbni  of  elKCrieal  nuehlnei       .  El>ot.        .        .  16 

^Mi'niM  reflactiiig  tdeacopte  deKiibed        ....  Oft.  Imr.  4S 

Amaktok'b  tharmometer,  doKription  of        .         .         .  Tsuui.        .  6 

. .           oh  jecdoDi  to    .                           .  8 

AMnai'ideetTO-drnunio  theoiT         ....  Eucr.Uioit.  81 — 92 

Anaiagy  botweeo  the  eleotrio  ipuk  nod  Ugfatning  Buct.  S9 

Anmmarflma  nMored  b*  reBiotioii  from  oylindrio*!  ■nrfaoee  Opt.  Ih*t.  3 

.■AHdMHca/deecription  of  the  torpedo     ....  Qti.y.  26 

Analtwif  of  the  e^a  axpUned  ...         ...  Pop.  Iht.  94 

..<i«ei«fihad  no  innnuneDti  JbrmauDriDghaat  Tbum.  I 
their  opinioni  ntpaoting  the  cania  of  magnedc  at- 
traction     .........  llUoti.  .    33 

AitffU,  the  unalleit  under  which  an  object  ii  Tiiibla  .  For.  Imt.      .  80 

^■j/ft  of  ineideiice  and  reflexloD,  equality  of,  knovn  to  Flato  Naw.  Opt.  1 
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eiperimenta  on  their  fnctare  .         . 

lose  their  power  by  rubbing  •  .  « 

an  the  prawrTstion  af    .  -       .  .  . 

polarity  of,  and  other  propertiei  described  and  it 


hoisechoe,  formation  af  .         .         . 

definition  of         .  ,  r         ,  . 

general  facta  and  principle*  of    -       , 
(.induced)  rendered  permanent  by  the  electric  die- 


not  impaired  liy  cold,  however  intente 


ofir 


eipenm. 


terreitiia],  oancerning  .         .         .         , 

varialfoni  In  it*  inteniity  . 

bypolheiii  concerning  . 

different  theories  of  ...  . 

mechanical  theory  of  ,         .         .         . 

ef  Bteel  Itar*  retained  and  concMitrated  Iiy  ai 


of  bodies  which  are 
all  bodice  in  some  degree  nuceptible  of 
of  rotation,  variout  eaperimenu  on        • 
excitable  only  by  induction        .  ■  • 

induction  of,  explained  In  Ampere**  theory 
and  eleetriciiy  identical    .  ,  ,  . 

terrettrial,  exhibited  bf  means  of  an  artU 


je  of  light  npon     .... 
Magmlie  tbeoriea,  obiervationi  on         ...  . 

attraction  and  repul*iun,aimilai'li>deMrie   . 
..        attraction,  opinionaofthesncianteconceniing  . 

fluidi,  theory  of  two  .... 

'  •  •  •      Brewiter'*  tbe<H7  respeoCing  ,         , 

. .        force*,  law*  of  •■..,, 
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la 


■t  difiiereui  lieigbti  above  tli«  earth'i  lurTaca 
indaction  aualogoui  to  eleotnc  inducciun 
complex,  expecimenu  on 
mNuii  of  quickening  the  progiaa  of 
iron,  attraction  and  repuliicm  ot        .         .         .        • 
nuoiptibility  and  reteiitiveaeu,  lew  in  iron  tbtu  in 

power  of  iteel,  bdow  •  certsia  heat,  iacreaKt  aa  it 

n>u,  or  it«ri,  retained  la  proportion  to 


table  of  different  ipedM 
curret,  thair  remarkalila  propertiea  and  method  of 
delineating      ......,, 

initnuneDti,  deicriplion  n(  varioni  . 
•  •      equator,  eiplanatiou- of  th«  term 
■ .        needle,  iti  proper  proportion,  neigbt,  &c.   . 
oDthe  dip  of  t' 

affected  by  the  Aurora  Burealii 
affected  t^  Hgfatning,   ao  ai  U  rerei 


ited  bj  a  hel 

effect*  of  tharmo^electrie  current*  u 
propertiea  of  dieiilar  conductor!  exhibited 
Megni/len,  Friar  Bacon'a  dcicriation  of 
Mlagniffiiig_poittx  of  leniei,  table  of 

of  lappbire  leniBi,  table  of  . 
of  teleicopea  and  microiicopa,  n 
determining  .... 

Magnitude  of  ihe  coroiude*  oT  bodie*  inveatigated    . 
Man,  whYbecanwehinuelf  at  full-length  in  a  plane  mtrrDT, 

which  u  only  half  big  bdgbt 
Mariner^  ooinpBB,  conitmction  of      .  .  .- 

Man,  account  of  that  planet         .         .         ,         ,         . 
Materiaiiljf  of  electricity,  eiperimenU  in  proof  of 
Malrrialt,  size  and  form  proper  for  ma^etic  needle*         • 
JUalltr  it  nsrei  annihilated        .         .         <         .         . 
Uaubolycu*,  big  dtacriptioBofthegtnietureandfDnctioni 

of  the  eye 

MAyBR'a  dippiug'needle,  described  .         . 

iVnuKTM  of  heat,  nnknovn  to  the  anclenti  >         • 

imperfection!   oommDn  to   all   initnunent*  con- 
ttnmed  for  that  parpoie  .... 

Mtatarng  <tf  dtttaneea,  teleKope  for       ...         • 
JfeoAoaMo/ propertiea  of  atmoipherlc  air 

powen,  dewHptlon  of  ... 

..         propertlei  at  fluldi,  detciibed  .         . 

of  elaitic  fluidi 
theorie*  of  magnetiim  . 

effectg  of  electricity  on  bodiei 
. .        derelupment  of  electHclty         .  -       •         • 
effect),  diffemt  In  Vdtaic  from  tlioH  of 
non  alectrldtT        .         .         .         .     •    .         • 
jUrcAmet,  popnlarintrodnctlento  .         • 

Mdodji,  «auaa  of  given.  Hid  the  dFect  dlntngniihed  from 

JUMmg  or  ^Mln«  and  otlier  meula  by  galraniim        • 

Mnitaa  «  aydea  of  lent,  dtwaibed 

Mirtmrf,  bauitiful  experimenU  of  lb  oombiutioa         . 

lU  eonrulgive  agitation*  under  galvanic  inflnenoe 
■  '  ■'  ■  ir  of  Roemur 

mpandst  diftn 
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Sfereurial  mi  altohiiEt  Atrtnomsten,  bf  Da  Witt 

Mtreury,  vxouai  of  tfaat  plaavt     , 

lUtridioHi,  deGned  and  dncri  bed 

Mtlali,  table  of  tfa*  reUtiTi  eipuuioii  of  diffarvBt 
tabln  nf  their  diSetent  degrees  of  ozidabilit 
i^ited  and  melted  by  the  galnuiic  baturj' 
t .       aoWri  produced  by  their  oumbiutiinL 

table)  of  their  GompuMire  thermo-electrio 

Jlielallie  lolulionn  HecompciMd  by  gilrBniBn  , 

. .      thennomelen  of  Da  Luc    , 

•  •  ■  •  Criditoa  ..... 

conductor!  for  the  ufeguard  of  ahlpf  and  hniMingi 
of  Fiogerafd       ... 
Mitaitme  thennometer,  "  — 


JItientMpr;  tbeir  prindplei  and  amitructiDD 
JVicromtlrr-pjromeler  of  Smeaton,  dcKribed 
Menmuitrt  of  narinua  kiads,  cooitnictioii  of 

drcalar  oaiutruction  of  . 
Mtermmtirieal  e^e-pieee,  by  Ranudeu,  dsMfibad 


SMthod  of  detenniniiig  tlMi*  migiutjiog  fi 

cbjeet-glajiai  for. 

tMMbJecMfiw  .... 

fluid i 

■null,  made  of  glanglabulai       .         . 
diamond  and  npphin   ...         4 

taUe 

for  obJsct«  of  natorpl  hittory  .  , 

periKopic,  of  Dr.  WolUtton        . 


lucemal      .         .         ... 
imalleat  magnitnde  Tirible  by 
tc  leoM*,  mstbotl  of  grinding      . 
pyromatsr  of  De  Lnc  . 

of  Ramaden    . 
Middlilui'i  mcperitnce  of  the  effecH  of  cold  o 
jfiMMMHH  of  (pherical  aberration  in  lenaea 
Mmr;  deacription  of  the  diffarent  kind*  and  thdr  effect 
M'rren,  plane,  their  imagei  and  r^actioni|  aottcaning 


of  reflecting  miotMoiq>e^  proper  form  of 


. .      ipheriol  aberradoni   _...,, 
HiTCBtLL'imethodof  making  artifidal  mi^etobydoBUa 

Midifieaiioiu  of  diflWential  thermaniMan  • 
Mmentuni  of  bodice  defioed  and  itlus(rat«d 
Mom"  "     '"""'™ 


>,  nnc 


I,  deecription  and  came  of 


id  pbasei  explained  .         . 

.  • .     concerning  the  ecilpeet  of 
ifonu  of  Jupiter,  Saturn,  and  the  QaoigliUB  Sidw 
UoBTtHBK's  pyrometer,  deicribed 
JIOKTX^'i  platina  pyrometer,  deKriptioD  of 
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Sf>lMer^/-PeaH  nleToinet«n,  dnuribed  .         .         •         .        Ort.  Iimt. 

Matiam  of  Mitt,  abtolute,  relativa,  uniform,  ratarded    and 
accelerated,  defined  ......      Pop.  Iht. 

. .     perpetual,  eillti  only  in  the  heaveot  ,         .         , 

. .     tcflectad,  explanation,  and  illuilratioa*  of 

.  •    owDpound,  explained  ..... 

..     the  earih'i  annual,  piodufed  b]r  the  ooUipoiltiwi    i 


'V 


. .     threefold,  of  the  earth  dncribed 

..     of  che  moon  explained  .... 

..     ofa  body  may  b«  inaentltilB  on  ■eeoont  of  In  g 

JUcuHlaini,  their  attraction  if  a  plummet 

accumulallan  of  water  in 
JHoning  hodlea,  mtlatance  of  the  air  to, 
JUy/lip/iert  and  doublen  of  electricity 
HimaAY'i  propowd  scale  for  a  thermameter 
SfiiscHEyBKocx's  pyrometer  deaoribed 
ilfuef«and  brain,  ftalvBuicpile  formed  by  altemale  liyenof 
JfuMo/or  motion*  in  dead  «Tiini«l«  produced  by  galraniin   . 

Naibm'b  electrical  machine  deacribed  . 

JVa/iir«orii^ht,  Iheoriei  of 

f/alitral  bodiei,  cauie  of  the  ooloun  of 

hiitory,  micro«cope>  adapted  to  obJM 
magneta  or  Inadiionei,  where  foniid 
Netdle,  nuf^etic,  tee  Magueln  NeaUe,  compan,  and  Tarlatlon 
NmUt,  Dipping,  ue  Dippaiy-Netdlf. 
f/rgalive  and  patilivt  electricity  described 

iMtmmentfbrSlatingulahing 
KiariigliltdiKtt,  ante  sod  remedy  of  pointed  ou~ 
Nnlrti  lalt*  decompoted  by  the  galMnle  pll* 
J*frw  Hollaitd,  coloDrleai  tepax  of,  ita  nia 
NswTOir'i  expo^ment*  on  the  oil  tbennometer 

aiioma  conoeming  light  .... 

reflecting  telescope  described  Ort.  but. 

querie*  coneeminp  the  infieetlotl  of  U^t 
scale  for  determiiiing  reBected  colmm,  &c. 
■ugi^tianl  of  the  polariution  of  light      . 
table  of  the  colours  of  thin  plates  add  filiua 
theory  of  colours  .... 

. .         theoram  Goneeming  refraction     . 

■mall,  bat  powerful,  magnet,  account  of 
. .  diaoovery  of  the  onlTeiMlIly  of  the  priodpla  of 

frantation 

Nicholbom's  instnunent    for  diitUigulihiBg  negatlre  eleo. 

Night  leteacopw,  account  of 
Kitria  Arid,  it!  effect!  on  copper  and  01 
Noxii.i'a  galTanometer  described 
Kti-eenduchn  of  electridty  described 

Oar,  its  action  in  rowinf  a 

f^tdt  of  natural  bistury,  microsupit  tOI  •         • 

■ .     (lest)  for  mieraao^ea         .... 
..     theahadovedsideor,  tawhttswaiuflilbla    . 
. .     manner  in  which  they  beeooie  Tiul>le  to  the  ^e 
. .      their  liDBgei  invteted  on  the  retina 
• .      im  the  apparent  dlmeatione  of 

amallest  angle  under  which  tli«y  can  be  seen    . 
Ot)tcl-gb—tt  for  microacopes,  formation  of  • 
OtjtetieM  to  the  present  ayitem  of  asumioniy  vUwaraa 
to  Amonton'i  theimometer     . 
to  Volla'i  theory  of  galvaniun 
to  the  theory  of  a  sin^  electric  fluid 
OMful^of  the  rail'*  raya  a  oauae  of  the  diminution  of  their 
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OdoM',  peculim^  procwdlng  from  &  worked  L^ccHirat   nw- 
Oersted,  hiitory  or  electro-msgOL'tiEin  prior  to  bis  diaco- 

account  of  hii  ditcaTcriei        . 

hii  eleclTO-mngiietic  theory 
Ofi^-lkermemeler,  fiBwIou'i  improvemcDUOii 
OfaCiTT  of  bodici,  probable  cauie  of 
Opaqut  microKOpea,  deicriptioi)  of  . 

Opere-gitttrt,  achronuttic  deurip^on  of 
C^'iuiiH  of  tlia  lodenti  reipecting  tba  cause 

tncUoD 

Opliei  and  optical  initmmenli,  book*  upea        . 

- .  popular  introduction  to  .  .  . 
Orbili  uf  tlie  planet*  proportioaally  reprcMntBd 
Oiidabililf  of  different  metala,  (abiei  of 

Fabiboloihai,  luifaoe  proper  for  the  mirron  o 

microfoopei 

l'b  Isrjie  burning-mirror  deicribed 
~"  ~    ~),  ofbodiei,  teparated  by  porci 


Paflklti_ 

Ptari  (mother  of  J 

Fgn^ioMum,  artilidal  magneta  ma 

Perueopie  csmbiuatioa  of  leniei 

microMope  deMribed  .         . 

,.        ipectacles 

Perptltal  paliim  exiitt  only  in  the  heeTeoi  • 

PItaiilatmagorm,  that  exhibition  explained       . 
PhtKOBtena  of  tile  rainbow,  different  theoiiei  of 

uamiued  and  inTe*tigated    by 
Arittotle  and  Euclid         ...... 

of  refraction  accurately  inreatigated  by  Ftal«my 
. .        of  coloured  rayi,  deacrlption  and  law*  of 
(.         prismatic,  tinc^ar  acmuot  of        .  •  i 

a.        exhibited  by  thin  traneparentplatei 
.  •    '    obHrrable  in  the  pauage  of  the  electric  fluid 
■  •  . .  on  the  peisage   of  the  elaotrio  fluid 

thiough  avacuum , 

of   intermitting  iprln^acoNinted  lor    .         , 
PholDtultr  and  hfjfnmeItT,  deacription  of 

ijnpTovaneDti  in,  mggealed 
PuoTDXETEms,  different,  by  Lealie,  detcribed  . 

PkytvAogUat  effect!  of  galvanina 

PUe,  galranic,  diacorery  of 

•  •         formed  by  layeri  of  muscle  and  brain 
formed  of  vegetable  aubatanaea     . 
Pilet,  galvanic,  aecondaiy  formatioo.  of 

battery  formed  by  a  combinstion  of 

PitVAalli,  experimenta  with,   on  electdcal  attraction  and .       17 — !t 

reputaion 

FbtMtt,  probability  of  their  h^Dglnhabtted  by  [ationalbdnga    For.  Jnr.  ,    33,  36 

general  account  of  .....      ,        33-— 40 

t^eirorbita  anddismeteri  prgportionallyrepreiented  • .  35 

..      primary,  why  the  aatellitea  reroive  rouiid  thcaa  .        34,3a 

Tidaiitude*  of  aeaaona  in  .         ...         .         .  48 

/'/ai^tigalvamceleetridty  not  dependent  on  the  magnitude 

of  their  Burfacea QtLv.     .  .         10 

..      thin,  thick,  Acoidoun  of  ....      Miw.  Opt.  30— 41,63— M 

tableeof         .         .         ,     ■ .  fiS 

Ptatin^  pyrometer  deecribed Tnanii.    .  .  S9, 30 

phenomena  exlillntad  on  ita  combtutioa  .         .      Qalv.  .  11 

Pi.aTO,  hJa  knowledge  of  the  equality  of  the  angka  of  Ind- 
deuce  and  reflexiou  ......         Naw.  Oft.  .  I 

Plmimtt  attracted  by  monntalni      ...  .         .     Por.  Iht,    .  .    <l 

Phu  and  mtnuj  dtgreea  of  the  thermometer,  inooiiTenience  of     Tuskh.  .  8 

Ptieumaliet,  popular  introduction  to  .         ,         .         .     For.  Imt.  SB — 73 

Pobruafion  of  li^t  firit  auggeated  bv  Newloa         .  .  Hbk.  Qpt.  .  64 

Potayilj  of«magniIy  deacribedandifluatrated  .  .      Magii.  .  1,  S 

iWaofamagnetmade  tonTotierouDdaierticalwire    .         Kijeoi,  Maw.        Jif— > 
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PiiU  of  ■  maguet  tends  to  loduce  oppouM  polarity  la  ad}i. 

ceiit  bodies 

■omelimeiieverud  by  Ji|thtiuDg    . 
Polithing  of  leniea  and  apecula,  method  ot  .  . 

PvlyeBnat  leDsei  deicribed    ...... 

PoBTA  uid  to  hRveinTented  thi  eomtra  nbmtra        • 
Potter,  ita  utile  wben  drunk  out  of  a  pewter  pot      • 
Fcaititm  and  negative  electricity,  conceming 
Power  of  a  roagiiet  at  100°  Kahrenbeit  ioereaiei  at  it  ooob 
lost  bjr  nibbinfc 
of  a.galvanie  battery  beat  detennined  by  expeiimmt 
Povien,  mechanics],  individually  dewxibed 
Precautioni  in  coniCructing  tberiDOisatsn 
/'T<mrt>a<iai>  nfma^rnetic  power,  meani  for         .         . 
Prature  of  fluids,  action  of  e^lained 

of  ths  Btmoaphere  on  a  man'f  body,  amount  of 
Pkevobt's  theory  of  magnetic  fluids     .... 

Primary  coloan  of  the  rayt  of  light 

PritmM,  refraction  of  the  rayi  of  light  through  I 

Pritmalic  spectnun,  arrangemBnt  of        ...        • 
observed  by  Seneca  .  . 

phenomenon,  ningulsr  aneounbor    . 
oolouri,  exhibited  in  the  combuition  of  metal* 

exist  in  the  light,  and  are  not  produced  by 
the  prism  ....... 

Pritchakd's  diamond  and  sapphire  lenses,  acooont  o 
Pn/grett  of  magnetic  indoction,  method  of  quickening 

. .  by  beat,  remarks  on 

PrafmnrechangesofdipandrariaiiDnof  the  magnetic  needle 
Prnperliei  of  bodies  in  general 

..       mechanical,  of  atmosphericair         . 

Ptolemy,  his  knoniedge  of  the  laws  of  reflvctioii 
Pikifejr,  theprindplenf,  illustiBtad   .         .         . 
Pvmp,  common,  prlnniJe  and  oonstmction  of 

..     air,  description  of,  and  experiments  with- 
Pjrimteler,  hislnrv  and  construction  of  various  kind 
by  icdiard  described  .         . 

J>y  Muichenbrock         •  •      .  • 
...     by  Desaguliar  .         ... 

by  Ellicot      .         .         .         .      .  . 

Mortimer's         .         .         .         .         , 

. .        f  roteringbam's     .... 


Fei^uson's  ■         . 

Microscopic,  of  De  Zinc 
Ramsden's     .         .         . 
Wedgeivood's 
Placinaone,  of  Moireau 
Schmidt'^  air-pyrometec 
paniell'i 


Drmetalline 
•  >         Houriet's,  or  metalline  thermometer 
PgroKope,  by  Lealie,  described 

QuB&iES,  Newton's, conceming  the  inflexiaa  of  light 

BAtN,  dew,  and  yaponis,  distinguished,  and  their  cm 

StiHliaw,  the  phenomena  of  inTcstlgated  by  Aristotle  i 

Undid 

different  theories  of     . 
RaUAOE's  reflecting  telescope,  deecrtptien  of  .         > 
BAMBlillt'sjliicnnDetrical  eye-pieceiaescribed   ,        . 

microscopic  pyrometer-         >         .         . 
A^^/yMprooeedln  slraight  line*        .         .      -  . 
. .  primary  oclunn  of     .        •        •         « 
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Jt^q/'Affi',  rrfacM  from  iMUeieftlMir  own  «lB«r          .  Mm.  Ovt.  .V 

nncral  Uwi  of  tbeir  refleuan     ...  .        I! 

iDMrfemMS  of      .....         .  .                    .  U 

reTnctloD  otuid  iu  Uw«               .          .          .  .      J.t 

bow  thiif  bamaw  riiibla  in  their  puuga  Par.  Inr.       .  •    ' 

effecttof  Uieirtrmimninion  ihranghgliiHpriuni  ,        K 

in  vhal  maoDer  thef  an  rehtOui  to  the  retina                  '■     .  .    K 

J|p4c(wii  and  action,  their  eqnalitj  ■  law  of  naturs         Pop.  Ikt.  II — W.      than.       J 

BtiUMna*!  thFrmamalO',  acooant  gf         .           .          ,          .  Thibm.  i 

Fshronhoit'i  and  the  Centlgiada  uale*  of  thet<- 

momMen,  ftffmnla  for  oonrartiiif  lata  aaEh  other          .  '  ■                     .  II 

ffmayuiiHut  of  the  iipMtnl  ooloun  produce  «hiie  light  Hew.  Orv.  E 
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